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PREFACE TO THE SECOND EDITION. 



In revising the book for this edition we have continued 
to keep in view the needs of the laboratory worker, whether 
student, practitioner, or pathologist, for a practical manual 
of histological and bacteriological methods in the study of 
pathological material. 

The subject of the examination of the urine has been 
almost entirely omitted, as in the first edition, because it is 
such a large subject as to require by itself a good-sized 
volume for its adequate presentation. 

In the addition of new methods to the book we have 
endeavored, as in the first edition, to exercise discrimina- 
tion, and to select only those that either have stood the test 
of practical experience or give great promise of usefulness. 

The number of illustrations has been considerably in- 
creased. The majority are from new photo-micrographs 
made by Dr. Wright and Mr. L. S. Brown in the Clinico- 
Pathological Laboratory of the Massachusetts General 
Hospital. In many instances they replace the illustrations 
of bacteria in the first edition. 

No change has been made in Part I. 

In Part II. the sections on Clinical Bacteriology and on 
Bacteriological Diagnosis have been combined into one sec- 
tion, entitled ** Special Bacteriology," for purposes of con- 
venience of reference and avoidance of repetition. 

Among many changes and additions may be mentioned 
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the amplification of the description of the Parasite of Actino- 
mycosis and the insertion of descriptions of the Bacillus of 
Bubonic Plague, of the Parasite of Mycetoma (Madura 
Foot), and of Wright's methods for the Cultivation of 
Anaerobic Bacteria. 

In Part III., besides numerous minor additions and sub- 
tractions which experience and the advance in knowledge 
have shown to be desirable, there have been added new 
staining methods for elastic tissue by Weigert, for bone by 
Schmorl, and for connective tissue by Mallor}'. 



PREFACE. 



This book is designed especially for practical use in 
pathological laboratories, both as a guide to beginners and 
as a source of reference for the advanced. We believe that 
the book will also meet the wants of practitioners who have 
more or less opportunity to do general pathological work. 

Every autopsy presents for solution a problem which may 
be simple or complex. The known quantities are certain 
clinical symptoms and physical signs ; the unknown quan- 
tities are not only the gross and microscopic lesions that 
may or may not have given rise to the symptoms and signs, 
but also the etiology of the lesions and the order of their 
sequence. The solution of the problem often requires the 
highest skill in post-mortem, bacteriological, and histo- 
logical technique, but in its solution lies the fascination of 
pathological work. 

It has seemed advisable to us to present, so far as possible, 
a consecutive statement of the methods employed in solving 
the various problems that arise, so as to avoid the repetitions 
that necessarily occur when the three usual divisions of the 
subject are separately considered by different writers. It 
is hoped that this method of presenting the subject will 
bring the student to the realization that the mechanical per- 
formance of a post-mortem examination and the inspection 
of the gross lesions constitute usually only the beginning 

of the solution of the problem, which should be investigated 
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12 PREFACE. 

bacteriologically, histologically, and chemically as far as our 
present knowledge will permit. 

We should particularly advise the routine bacteriological 
and histological examination of the more important organs 
in all suitable cases. Naturally, the autopsies in which the 
lesions are due to a single etiological factor are the most 
valuable and instructive for a clear understanding of the 
pathological processes present. 

Besides the methods of post-mortem examinations and 
of bacteriological and histological investigations connected 
with autopsies, we have added the special methods em- 
ployed in clinical bacteriology and pathology. 

In the parts devoted to Bacteriology and to Pathological 
Histology we have not endeavored to make an exhaustive 
collection of methods and formulae, but rather to select 
those which have been found of the greatest service in 
practical work. 

To Dr. A. H. Wentworth, Assistant in Children*s Dis- 
eases in the Harvard University Medical School, we are 
indebted for the sections on the Blood and on Malaria, and 
for the notes in regard to Lumbar Puncture. 

Boston, August, 1897. 



CONTENTS. 



PART I. 

POST-MORTEM EXAMINATIONS. 

Introduction, 17.— Instruments, 18.— General Rules, 21.— Suggestions to 
Beginners, 23. — Private Autopsies, 24. 

I. EXTERNAL EXAMINATION OF THE BODY. 

Insi^ectiun of the Body as a Whole, 26. — Special Inspection of the Different 
Parts of the Body, 27. 

11. INTERNAL EXAMINATION OF THE BODY. 

Opening of the Abdominal Cavity, 27. — Inspection of the Abdominal Cavity, 
29. — Ojiening of the Thorax, 30.— Inspection of the Pleural Cavities, 31. — 
Opening of the Pericardium, 32. — External Inspection of the Heart, 32. — 
Opening of the Heart, 33. — Removal of the Lungs, 37. — Organs of the Neck, 
39. — The Abdominal Cavity, 40. — The Spleen, 41. — The Gastro-intestinal 
Tract, 41. — The Liver, 44; The Kidneys and Adrenals, 45. — The Pelvic 
Organs, 47. — Removal of the Brain, 50. — External Examination of the Brain, 
55. — Section of the Brain, 56. — Virchow's Method, 58; Pitre's Method, 59, — 
Removal of the Spinal Cord, 60. — The Eye, 62. — The Ear, 63. — The Naso- 
phar>'nx, 64. — Examination of New-bom and Very Young Children, 65. — 
Restitution of the Body, 67 



PART II. 
BACTERIOLOGICAL METHODS. 

1. CULTURE-MEDIA. 

The Preparation of Test-tubes, 70.— Preparation of Culture-media: 
Bouillon, 71 ; Glucose Bouillon, 73; Agar-agar (Plain). 74; Glucose Agar- 
agar, 77.— Glycerin Agar-agar, 77; Gelatin (Plain), 78; Glucose Gelatin, 79; 
Blood-serum (Lflffler*s Mixture), 79; I-itmu<;-milk, 82; potato-cultures Accord- 
ing tt> lk)lton, 82 ; Dunham's Peplon Solution, 83. — The Adjustment of the 
Reaction of Culture-media by Titration, 83. — The Filling of Test-tul)es. 85. — 
Sterilization of Culture -media, 87. — The Autoclave, 88. — The Sii^rage 
of Culture-media, 8q. 



14 CONTENTS. 

II. BACTERIOLOGICAL EXAMINATIONS. 

Methods of Collecting Material, 89. — Cover-glass Preparations, 92. — Staining 
Methods for Cover-glass Preparations: Simple Staining, 94; Gram's Method 
of Staining, 94. — Examination by Cultures, 95. — Method of Preparing Cultures 
on Blood-serum, 96. — The Platinum Wire or Loop, 96. — Cultures from lilood 
During Life, 98. — The Inoculation of Animals, 99. 

III. THE METHODS OF STUDYING BACTERIA IN CULTURES. 

I. Cover-glass Preparations from Cultures, 100. — The Staining of 
Spores, loi.— The Staining of Flagella, 102; Ldffler's Method, 103; Pittield's 
Method as Modified by J. Blackburn Smith, 104; Howhill's Method, 104; 
Williams' Method, 104. — 2. Methods of Obtaining Pure Cultures, 106. — 
Method of Isolation of a Bacterium in Pure Culture from a Mixed Growth, 
108; The Plate Method of Petri, 109; Esmarch's Method of Roll-cultures, 
III. — The Determination of the Motility of Bacteria, 112. — 3. The Inocula- 
tion of Animals, 113. — Guinea-pigs, 113. — Rabbits, 114. — Mice, 116. — The 
Care of Animals, 118.— 4. Cultivation without Oxygen (Anaerobic Cul- 
tures) ; Culture-media for Anaerobic Bacteria, 1 19; Method of Liborius, 119; 
Esmarch's Method, 121 ; Simple Anaerobic Plate -cultures, 121 ; Buchner's 
Method, 122; Wright's Metho«l, 123; A Simple Method for Anaerobic Culti- 
vation in Fluid Media, 124; Bouillon Cultures under Hydrogen, 126. 

IV. SPECIAL BACTERIOLOGY. 

Staphylococcus Pyogenes Aureus, 129. — Staphylococcus Pyogenes Albus and 
Citreus, 132. — Staphylococcus Epidcnnidis Albus, 1 32. — Staphylococcus Cereus 
Albus and Flavus, 132. — Streptococcus Pyogenes, 132. — Erysipelas, 136. — 
Pneumococcus, 138; Methods of Staining the Capsule of the Pncumococcus : 
Welch's Method, 140 ; W. II. Smith's Method, 140. — Gonococcus, 141 ; 
Special Culture-media, 142; Blood Agar, 142; Scrum Agar-agar, 142; Urine 
Serum Agar-agar, 144; W'asserman's Culture-medium for Gonococci, 144; 
Diagnosis, 145; Method of Staining for Gonococci, 147. — Micrococcus Tetra- 
genus, 147. — Diplococcus IntraccUularis Meningitidis, 149. — Bacillus Diph- 
therije, 153; Special Methods of Staining the Bacillus Diphtheri:^, 157; 
Ncisscr's Method, 157; Hunt's Method. 158. — Bacillus of Typhoid Fever, 
158; Differential Diagnosis between the Bacillus of Typhoid Fe^'cr and the 
Bacillus Coli Communis, 162; The Blood-serum Reaction in Typhoid Fever, 
163; Cultivation of the Typhoid Bacillus from Rose Spots, 165; Cultivation of 
the Typhoid Bacillus from the Feces, 165. — Bacillus Coli Communis, 165 : 
Detection of the Bacillus Coli Communis in W^atcr, 170; Theobald Smith's 
Method, 170. — Bacillus Tuberculosis, 170; Diagnosis, 174; Examination of 
Sputum for Tubercle Bacilli, 175; Tubercle Bacilli in Urine, 178; Surgical 
Tuberculosis, 178. — Leprosy, 180. — Spirillum of Asiatic Cholera (Comma 
Bacillus), 180; Bacterioiogical Diagnosis, 184. — Bacillus of Anthrax, 187; 
Diagnosis, 100. — Bacillus Pyocyaneus (Bacillus of Green Pus), 191. — Bacillus 
of Bubonic Plague, 194. — Bacillus of Influenza, 197. — Bacillus of Glanders 



CONTEI/TS, 



15 



(Bacilliti Mallei), 200.— fiAcillas Pro4eus (PrDieus Vulgaris }, 204.— Baeillys 
Mucosas Capsulatus, 305. — Hacillusi of TcianuSf 208; Method of Isolation, 
211— Bacillus Acrogenes Cap&ulmus, 212* — ^Baciilus of Mali^ant EiJema^ 
214.— ActiRomyees, 215.— M}^cetoma (Madura Fool), 221, — Rabic* {Hydro- 
pliobia), 224. 



PART lli\ 



HISTOLOaiCAL METHODS, 

Introducttori, 226. — Laboratory Outfit \ M kroscopes^ 226.— Freezing Micro- 
tome, 228*^ — CcUoidiD Microtome, 230. — Ihc Minot-Hlakc Mtcrolomc, 232. — 
Pbrafiin Microtome, 2j3.^raraffiii Bath, 233. — Vuicaui^ctl Fiber, 234. — 
Knive*, 335. — Runnbi^^ Water, 236, — Slidei^ 236. — Cover -slips, 237. — Staining 
Dishc^, 238. — Metal [nstmmrnU, 238* — Bottles, 239.— Examination of 
Fr«sb Material, 239- — IndifiVrcnt Fluitls, 240. — ^Maceratmg J^luids* 24!, — 
Examination of Fluids, 241, — Injections, ^4^, — Cold Injection -mas'^cs, 242. — 
Warm Injection -masses, 241.— Fljiing Reagents, 245.— Alcobol, 245.— 
Zenker's Fluid, 246, — ^Corro&ive Sublimate, 247. — f*icnc Acid^ 247, — Orth's 
Fluid, 247* — Fieroming-s Solutjatj, 24S. — Hermann's St^ltition, 248^ — Piaiie^^s 
SollttiOD, 249. — RabPs Cbr^mD-fonnic Acid Solnlion, 249. — Formaldehyde, 
249.^BoiliDg, 250 — MuUer's Fluid, 251 —March) s Fluid, 251— EtUckfs 
Fluid, 251. ^-Decalcification, 252. — Direciiooi. for Usin^ Nitric Acid, 253. — 
FfaioR^lucin and Niinc Acid, 2$^. — ricnc Acid, 253. — Hydrochloric Acid, 
254.— Trichloracetic Add, 254— Imbedding Processes, 254. — Celloidin, 
2jj. — Tmbedding in Celloidin, 255,^Imliedding in Paraffin, 258. — ^Serial Sec- 
tjons l»y the Ollni.fi n Meihml, 261. — Serial Sections by the J'arnfBn MethiM^, 
263,— Staining Solutions: Hematoxylin and Kematein Siains, 264, -^Xar- 
mine Hlains, 26S. — Aniline Dye*. 269. — Diffu.ve Stains, 274 — Comi'ination 
Stains, 275. — ^Pianese's Staining Solmion^ and Staining Methods 275. — Cliceln, 
278. — lodin, 27S. — Lugols Solution, 278 — Acid Alcnhol, 279. — Aniline 
Water, 279. — C*rbolic*acid Water, 279, — Mayer'^ Giycerin-albumin Mixture, 
279— Cleanng Eeagents, 2S0.— Mounting Reagent*, 2S2.— Wetallic Stains 
or Imprcfcnations, 283. — Silver, 283-— r.^iUK 2S5,— Osjnic Acid, 286. — 
Staining Methods, 287.— Nuclear Stains, 200.— Alum hematoxylin Stains, 
291. — Aqueous Alum heniaiCKxylin ; iJelaBeid's Hematoxylin; EhrHch*s Acid 
Hematoxylin, 202* — Mayer's Henitiluni, 292. — Heidcnhain's Hematoxylin 
Stain, 2Q3. — MaJlory*s Chlorid of Irun Hemaioxylin, 293,— 'Carmine Siains, 
294, — Aniline Dyes as Nuclear Slain*, 295,^DilTuse or Contrast stains, 297. — 
Cimtbination Stains, 290 — Slaining in Mas, 299. — Mitosis, 299. — iJirections 
for Staining Kam^mitotic Fignrc?t with Safraniti, 30 1, — Special Stain ■ for 
Certain Tissue-elements other than Nuclei, 301, — MuAt^ellen, 301.^ 
Plasfna^eells, ,^05. — fJonnettive -tissue Fibrilla? and Keticnlum Mu'^c I e- fibers, 
J03. — Elastic FiVjcr^, 306 —Muscle -filjcrs, 30S, — The Central Ncrvotia Sy»- 
t*"*! 309 — ^Gcnet^ Stams, JIO, — Stain* for GangliotKells ; Protoplasmic 



1 6 CONTENTS. 

Granules, 313; Ganglion -cells; Dendritic and Axis-cylinder Processes, 314; 
Axis-cylinders and their Terminal I*rocesses, 318; Stains for the Myelin- 
shcath, 322; Stains for the Neuroglia-fibers, 327. — Degenerations of the 
Nervous System, 332. — Examination of the Blood, 332. — Apparatus Used 
in the Examination of the Blood, '^■^'^. — Prei)aration of Apparatus, 336. — 
Obtaining the Blood, 338. — The Hemoglobin Test, 338. — Estimation of 
Number of Red Corpuscles, 340. — Cover-glass Preparations, 343. — The Ele- 
ments of the Blood, 345. — Methods of Staining, 348. — Methods of Fix- 
ing and Examining Special Organs and Tissues, 351.— Acute Inflam- 
matory Exudations; Granulation-tissue, 352. — Lung, 352. — Spleen, Bone- 
marrow, Kidney, 353. — Gastro-inlestinal Tract, 354. — Liver, 354. — Bone 
and Cartilage, 355. — Skin, 358. — Museum Preparations, 359. — Patho- 
logical Products, 361.— Cloudy Swelling; Albuminous Degeneration, 361. 
— Fatty Degeneration, 361. — Necrosis, 363. — Caseation, 364. — Demonstra- 
tion of Fibrin, 364. — Mucin, 365. — Pseudo-mucin, 367. — Colloid and Hyaline, 
367. — Glycoi^en Infiltration, 370. — Amyloid Infiltration, 372. — Pigmentation, 
374. — Petrifaction, 377. — The Staining of Bacteria in Tissues, 378. — 
Pathogenic Bacteria which do not Stain by Gram, 380. — Gonococcus, 381. — 
Typhoid Bacillus, 381. — Influenza Bacillus, 381. — Glanders Bacillus, 382. — 
Friedlander's Capsule-bacillus, 383. — Pathogenic Bacteria which Stain by Gram, 
384. — Bacillus of Rhinoscleroma, 384. — Actinomyces, 385. — Bacteria that Stain 
by the Tul>ercle-bacillus Method, 386. — Tul>crcle Bacillus, 386.— Bacillus of 
Leprasy, 389. — Syphilis Bacillus, 389. — Smegma Bacillus, 390. — Methods of 
Examination of Animal Parasites, 390. — Protozoa, 390.— Malarial Organ- 
isms, 390. — Ameba Coli, 396. — S|X)rozoa, 398. — Round-worms, 398. — Tri- 
chinae, 399. — Tape-worms. 400. — Taenia Solium, 401. — Taenia Mediocanellata 
s. Saginata, 401. — Taenia Echinococcus, 401. — Bothriocephalus Latus, 402. — 
Clinical Pathology, 403. — Examination of Tissues from Clinical Cases for 
Diagnosis, 403,— Uterine Scrapings, 404. — Examination of Fluids Obtained by 
Puncture, 404. — Lumbar Puncture. 406. — Ovarian and Parovarian Cysts, 408. 
— Pancreatic Cyst or Fistula, 4og. — Dropsy of the Gall-bladder, 409. — Hydro- 
nephrosis and Renal Cysts, 409. — Echinococcus Cysts, 410. — Examination of 
the Sputum, 410. — Macroscopic Examination, 411. — Microscopic Examination, 
412. — F^xamination of the (Jastric Contents, 414. — Examination of the Feces, 
416. — F!xamination of the Urine, 416. 



PATHOLOGICAL TECHNIQUE. 

PARTI. 
POST-MORTEM EXAMINATIONS. 



Introduction. — The method of making post-mortem 
examinations as originally taught by Virchow has been 
variously modified in its details by his pupils and followers. 
We have endeavored, while following in general his plan, to 
select those modifications that have proved simplest and of 
greatest value. In certain instances we have not hesitated 
to adopt, or at least to call attention to, useful methods of 
procedure originating in the Rokitansky school of pathology, 
as now best exemplified by Chiari. 

The problem ofTered by an autopsy is often solved in part 
or wholly by the macroscopic post-mortem examination. 
More frequently, however, the complete and final solution 
is reached only after careful bacteriological and histological 
study. The post-mortem examination may. therefore, be 
looked upon as the beginning of the solution of the prob- 
lem. Its particular function is to demonstrate in the indi- 
vidual case all congenital or ac(|uired abnormalities, all 
macroscopic lesions, and to explain all gross mechanical 
questions. It furnishes the material for bacteriological and 
histological study. IVrfectly to accomplish its puq>ose a 
post-mortem examination must be made in a careful, sys- 
tematic manner. 

While a gent-ral method of procedure is atlvisable. it will 
often be found advantagt-ous, or cvm neces.'^ary, to depart 
2 ' 17 



1 8 PATHOLOGICAL TECHNIQUE. 

from it. According to Orth, " the chief requisite of every 
exact post-mortem examination is this, that no part shall be 
displaced from its position until its relations to the surround- 
ing parts are established, and that no part shall be taken out 
by whose removal the further examination of other parts is 
affected." 

The order and method of procedure in makmg a post- 
mortem examination, including the various incisions, may be 
said to have been planned for the routine examination of 
normal or diffusely diseased organs. As soon as a notice- 
able focal lesion is present the order of procedure and the 
customary method of removal and of incision must be so 
altered as best to display the lesion. 

Instruments. — The following instruments will be found 
extremely useful in the autopsy-room, although not all of 
them are necessary: 

The autopsy-table should be large, so as to accommodate 
on it the instruments and several dishes in addition to the 
body. It should have a slightly raised edge, and should 
slope gently toward an opening in the center for the escape 
of fluids. The table is best made of zinc, and along one 
edge should have a centimeter scale. The water for use on 
the table is best supplied by a rubber tube from an overhead 
pipe reaching to within 60 to 100 cm. of the table. 

The scales for weighing the various organs should have a 
large pan and gram and kilogram weights. 

A band-saw will be found ver^'^ useful for sawing bones for 
the inspection of the marrow, and for calcified and osseous 
tumors. 

The best autopsy-kriifc is a stout, broad-bladed knife with 
bellied edge and heavy handle. The blade should measure 
about 12 cm. in length and 3 cm. in width ; the handle should 
be 12 cm. in length. Many operators prefer a somewhat 
smaller knife than this. 

Amputating'knives of different sizes are useful for long, 
deep cuts into organs and tumors. 

A myelotome is a short, thin, narrow knife-blade, 1.4 cm. 
long and 4 mm. wide, set obliquely on a slender steel stalk 
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ending in a wooden handle (Fig, 2). It is used only for 
cutting the cord squarely across in removing the brain. , 




Fig* I,— iFiatruments for use in the auiopsy-room t J, $aw ; b, bolder for the 
b«ad ; £, steel hummer with wedge end and blunt hook on the handle? ; d, coslo^ 
lomc; #, bone-citUer; /. Iiatchei-cbi*el ; ^f. auiopsy-koife. 

CarHiage-knives and scalpels of different sizes are useful 
for a variety of purposes. 

SdsserSf both straight and curved, should be of various 
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sizes, A medium-sized and a fine pair should each have 
one probe-pointed blade. 

An criferofomc is a long, straight pair of scissors, of which 



r^ 



Fig. 2. — Mvelotome. 



one blade is longer than the other and blunt at the extremity 
(Fig. 3), A hook at the end is not advisable. The instru- 
ment is used in opening the heart and the intestines. 




Fig. 3. — Enierotome. 



A smif with movable back and rounded end will be found 
the most generally useful for opening the skull and the 
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Fig. 4. — Luer 5 double rachiotom?. 

Spinal canal. An ordinary meat-saw is preferred by some^ 
but cannot be used on the vertebra. 

Lticrs double rackwtomi\ or adjustable double saw (Fig. 4), 
is ver>' useful in removing the cord, and is the safest instru- 
ment to put into the hands of beginners. 
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Forceps: several sizes, large and small ^ mouse-toothed. 

Costotome: heavy bone-shears for cutting the ribs. 

A powerful bon£-cutUr, with short blades, 5 cm* long, set 
at an angle of about 45° to the handles, which are 36 cm. 
in length, is employed for dividing the arches of the cervical 
vertebra: and for other purposes where ordinary bone-cutters 
will not do. 

A chisel with 2 cm. cutting edge, for exposing the marrow 
of the long bones, removing portions of the base of the 
skull, etc. 

A hatchei-ckisci of sXt^l for starting the calvana and spinous 
processes after sawing the skull and the vertebral column. 

So/t'iroH kammer with wooden handle. 

Steel h^immer with wedgt end, and blunt hook on the 
handle. 

Holder for the head while sawing the skull. 

Autopsr-necdits, long and a little cur\^ed. 

Probes of flexible metal ; also fine glass probes for smalt 
blood-vessels or ducts. 

Gro&ved director^ 

Pdfis for holding water, organs, etc. 

Boards, square or oblong, 30 X 30 or 30 X 50 cm., on 
which to lay instruments or cut organs. 

Sparges. 

Cafheters, 

Strong hemp twine is the best for sewing up the body. 

G/ass graduates for measuring fluids, 

A block of wood with shallow depression for the neck ; for 
use while opening the head 

Vise. 

Small cup or dish for removing fluid from cavities. 

General Rtlles. — The room for an autopsy should be 
well lighted, otherwise the finer changes in the tissues cannot 
be recognized. Artificial illumination is not good, because 
the colors of the tissues are entirely changed by the yellow- 
ness of the light. 

Before beginning an autopsy the necessar>^ instruments 
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should be arranged on a short board on the autopsy-table in 
the order in which they are most likely to be used. 

The operator stands on the right side of the body. This 
position he rarely leaves except for some definite purpose ; 
for example, in opening the skull he stands at the head. 

Order and cleanliness are the first points to be insisted 
upon at every autopsy. Clean water should always be at 
hand for washing the instruments and for keeping the hands 
free from blood and pus. The cut surface of an organ should 
not be washed with water except to remove blood ; gently 
scrape the surface with the knife held obliquely. 

In cutting, the knife should be drawn, not pressed or 
shoved into the tissues. According to Virchow, a broad, 
clean cut into an organ, even if incorrectly made, is much 
better than several short cuts which leave a ragged surface. 

The autopsy-knife should be grasped in the hand as if to 
cut bread. In using this knife the main movement should be 
from the shoulder, not from the wrist as in dissecting. It 
goes without saying that the sharper the knife the better. 

In cutting the brain and cord, especially if their consistency 
is lessened, moisten the knife to prevent the tissue from stick- 
ing and tearing. 

Before beginning an autopsy it is important to know the 
main points in the clinical history of the case, as they may 
greatly lighten the work of investigation by calling attention 
to those organs that require special examination. 

The record of an autopsy should be dictated by the ope- 
rator as he proceeds with the examination of the case, and 
should be as nearly as possible an objective description of 
the appearances found. Only the anatomical diagnosis 
should express the opinion of the operator. If it is not 
convenient to dictate the autopsy during its performance, 
the description of the lesions certainly ought to be made 
with the organs in sight, and not from memory after the 
lapse of hours or even days, when many of the details may 
be forgotten. Later, the results of the bacteriological and 
histological examinations should be added to the autopsy 
report, so as to make the case complete. 
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Rubber gloves are sometimes woni to protect the hands 
while making a post-mortem examination; but they greatly 
dull the sense of touch, and cannot be recommended for 
routine work except in septic cases and while opening the 
stomach and intestines. Rubber cots for the fingers are 
often useful. 

For cuts on the fingers use celloidin dissolved in equal 
parts of alcohol and ether, instead of flexible collodion, 
because the latter will not stick. A cut received during an 
autopsy should immediately be washed thoroughly, and then 
sucked so that the blood will flow freely. For protection 
during the rest of the autopsy use a rubber glove or cover 
the cut with celloidin. 

It is always well to wash the hands after an autopsy with 
an antiseptic solution, such as corrosive sublimate (i : 2000). 
For removing odors from the hands turpentine will often be 
found serviceable, or a saturated solution of permanganate 
of potassium followed by oxalic add. Orth highly recom- 
mends a dilute solution nf fomiaklehyde for this purpose. 

Suggestioas to Beginners.^In a case of giputal 
miiiary tubtrcuiosis the older focus from which the organ- 
isms have spread must always be found. Look especially 
for tubercular thrombi in the polmonary veins as a frequent 
source of the general infection. 

In a case of emboiism hunt for the thrombus, bearing in 
mind, however, that the whole of a thrombus may become 
free and form an embolus. An arterial embolus may be due 
to a venous thrombus, in which case it must have passed 
through an open foramen ovale, except in the case of 
thrombi of the pulmonary veins. 

In acute penioniiis always seek for a source of infection 
(appendix, female genitals, gastro-intestinal tract, etc.). It 
cannot always be found. 

In hanorrhagf from the shmmck associated with cirrhosis 
of the liver look for rupture of dilated esophageal veins. 

In cases of more or less smidcn death, especially if pre- 
ceded by signs of asphyxia, always examine the pulmonary 
ZTlcry in situ for possible emboli. In cases of imtantancmts 
dealli examine the coronary arteries. 
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Private autopsies must often be made under many dis- 
advantages, and, when out of town, not infrequently in a 
short space of time. It is always important to warn the 
attending physician not to allow the undertaker to inject the 
body before the autopsy, because the color and consistency 
of the organs are so changed by most injecting fluids that it 
is difficult to recognize the pathological processes. If there 
is danger of post-mortem changes, have the body packed 
in ice. 

A regular autopsy-bag will be found very convenient for 
carrying to private autopsies. It is made of leather lined 
with rubber, and measures about 40 X 1 8 X 20 cm. Loose 
within it is carried a rubber bag 40 X 24 X 20 cm., shaped 
like a short envelope with a flap (22 cm. long) on one side, 
for bringing away any organs that demand further examina- 
tion. The case of instruments should contain one or two 
autopsy-knives, two scalpels, a pair of forceps, one or two 
pairs of scissors, an enterotome, a steel hammer with wedge- 
end and with a blunt hook on the handle, a small chisel, a 
saw with detachable handle and back, an autopsy-needle, 
and a probe ; free within the bag should be carried a spool 
of strong twine, a costotome, a long slender knife for use in 
removing the brain, a hammer with soft iron head, and a 
sponge. In rare cases additional instruments may be re- 
quired. A white duck apron for personal use will always 
be found convenient. It is also well to carry along several 
blood-serum tubes and a platinum needle for making cultures 
at the autopsy. When there is a lesion of the nervous sys- 
tem it is advisable to bring a jar of a 4 per cent, solution of 
formaldehyde and to place the tissue in the fluid at the 
autopsy, as otherwise it is not easily gotten to the laboratory 
in good condition. 

At the house can always be obtained a slop-pail, a wash- 
bowl, a pitcher of water, several newspapers, and an old 
sheet. The body is usually on an undertaker's frame, but 
it may be in an ice-box or on the bed. The examination of 
the chest and abdomen can be made in any of these posi- 
tions. If, however, the body is in an ice-box, it must be 
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raised to the level of the top of the box in case it is neces- 
sar>' to open the head. 

The clothing on the body can be removed^ or, if only a 
shirt or a night-dress^ is best slit down the middle and turned 
out over the arms. Tear the sheet into four equal pieces. 
Fold and tuck in one piece on each side of the trunk and 
neck, allowing the outer portion to fall over the arms. Fold 
and lay the third piece on the lower extremities, tucking the 
upper end beneath the clothing below the pubes. The 
fourth piece can be placed beneath the head if it is to be 
opened. This procedure leaves the front of the thorax and 
abdomen free for operation and protects the rest of the body 
and the clothing. On the thighs place one or two folded 
newspapers, and on these tlie necessary instruments, On the 
legs place the bowl containing only a dampened i^ponge. 
If the undertaker has not put a rubber sheet on the floor 
beneath the body and on the side where the operator is to 
stand, newspapers should be spread to protect the carpet 
Place the slop-pail on the rubber sheet within convenient 
reach. Having thus made all arrangements, even to the 
threading of liis needle, the oi>erator is ready to begin. 

If the cord and brain have to be examined as well as the 
body, it is best to do the cord first, so as to avoid the leak- 
age that might otherwise occur from the trunk-cavities if 
they had been opened first. To support the head while 
opening it. use a stick of wood, a brick, or, in case of neces- 
sity, the instrument-box wrapped in a newspaper. 

At a private autopsy cleanliness is extremely important 
If there is no undertaker or nurse present, the operator 
himself must see that ever>^thing is cleaned and put in order 
before leaving, that ail the blood-stains are removed from the 
dishes, and that all papers and soiled cloths are burned or 
rolled up and left in a neat bundle for the undertaker to dis- 
pose of. Ground coffee thrown on a shovelful of burning 
coals will be found helpful in disguising the odor in the 
room after an autopsy. 
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EXTERNAL EXAMINATION OF THE BODY. 

External examination is often of great importance, espe- 
cially in medico-legal autopsies, and should never be ne- 
glected, as it may throw great light on lesions found within 
the body. It should be systematic and careful, and is best 
taken up in the following order: 

I. Inspection of the Body as a Whole. 

1. Sex. 

2. Age. 

3. The body4ength should be measured on the table beside 
the body, between points opposite the vertex of the head 
and the sole of the foot beneath the ankle. 

4. The dei'clopmeitt of the skeleton has reference to the 
bony framework, which may be powerful, slender, or de- 
formed. 

5. The general nutrition is shown by the amount of mus- 
cular development and of subcutaneous fat-tissue. The 
latter is judged by pinching up folds of skin. 

6. The general condition of the skin includes amount of 
elasticity, bronzing, jaundice, edema, and decubitus. 

7. Post-mortem discoloration may be divided into three 
varieties : 

{a) Hypostasis of blood, or the settling of blood into the 
lowest lying blood-vessels ; this form of discoloration dis- 
appears on pressure. 

{b) Diffusion of blood-coloring matter out of the vessels into 
the surrounding tissues (due to blood-pigment being set free 
by post-mortem decomposition); does not disappear on 
pressure. 

{e) The greenish discoloration , usually seen earliest over 
the abdomen, is due to sulphide of iron formed through 
decomposition of the tissues. This discoloration is import- 
ant, as it may modify the interpretation of appearances 
observed in the internal organs. 

8. Post-mortem rigidity, degree and extent. It begins in 
the maxillary muscles, and spreads gradually from above 
downward, disappearing later in the same order. It is most 
marked and lasts longest in muscular individuals who have 
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been ill but a short time. Cholera furnishes the most marked 
cases. The rigor disappears quickest in cachectic diseases. 
When once it has been forcibly overcome, it does not recur. 
The time of beginning after death varies wdely — from ten 
minutes to seven hours. 

II> Special Inspection of the Different Parts of the 
Body. 

The examination should begin with the head Any lesion 
or abnonnaIit>* found should be carefully noted. Particular 
attention should be paid to the condition of the pupils and to 
the color of the sclera. Then follow in order the neck, the 
thorax (size and shape), the abdomen (distended or retracted), 
the genitals, and the extremities, 

INTERNAL EXAMINATION OF THE BODV, 

The opi^ning of the body-cavaties is described first, be- 
cause the brain is relatively much less frequently the seat of 
disease, and because in this country" it is often impossible to 
obtain permission to open the head. Moreover, the lesions 
in the body often throw much light on those to be expected 
in the brain. The advantage of examining the brain first, 
particularly in those cases in which the important lesions 
arc cerebral, is said to be that the amount of blood in the 
cerebral vessels can be more accurately determined. After 
the heart has been removed some of the blood in the brain 
may escape through the severed vessels below, 

In routine examinations, however, the body is usually 
examined first, then the brain, and finally the cord. It is 
not a bad practice to remove the calvarium, to examine the 
mcning^es over the upper surface of the cerebrum, and then 
to make the examination of the body before removing the 
brain. In this way any change in the b!ood-suppIy of the 
cerebral vessels would be obsenp^ed. 

Opening of the Abdommal Cairity.— In the exam- 
ination of the body the peritoneal cavity is opened first, the 
two pleural cavities next, and the pericardial cavity last. The 
cavities and their contents are to be inspected in the order 
and at the time that each is opened, but the organs are to 



28 



PATHOLOGICAL TECflNlQUE. 



be removed from the cavities for further examination in the 
reverse order, beginning with the heart. 

The primmy or kmg anterior inciswn to bare the thorax and 
to open the abdomen (Fig. 5) should extend from the larynx 
to the pubes, passing to the left of the umbilicus, so as not 
to cut the round ligament. In cutting, the handle of the 
knife is depressed so as to use the belly of the blade rather 




Fig. 5*— Primary incision in the body iNauwcrck)* 



than the point. An incision beginning as high as the chin 
is, unfortunately, rarely allowable* Over the sternum the 
cut should extend down to the bone; over the abdomen, 
however, only into the muscles, or in fat people through the 
muscles into the subperitoneal fat-tissue. To open the ab- 
dominal cavit>\ nick carefully through the peritoneum just 
below the sternum, introduce the first and second fingers of 
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the left hand, and while making strong upward and outward 
traction on the right abdominal flap extend the incision to 
the pubes. Some operators prefer to separate the fingers 
and to cut between them. 

The abdominal flaps are rendered much less tense by cut- 
ting the pyramidales and recti muscles from below just above 
the pubis. Care must be taken not to injure the overlying 
skin. The abdominal cavity can now be examined, but 
more room will be obtained if the skin and the underlying 
muscles be first stripped back from the thorax to about S 
cm, outside of the costochondral line. 

The operation is most easily and neatly done by lifting the 
skin directly away from the chest-wall or turning it forcibly 
out with the left hand, and then cutting the tense tissue close 
to the cartilages and ribs with long sweeps of the knife held 
almost flat. The operation begins over the lower border of 
the ribs and extends upward. In dissecting ofl" the skin and 
muscles from the left side the right hand works underneath 
the left The mammai can easily be incised from the under 
side of the flap, and if necessary the axillary lymph-nodes 
can be reached by dissecting the skin farther out, especially 
over the clavicle. Before beginning the inspection of the 
peritoneal cavity it is important to examine first the surface 
of the incision into the abdomen, noting the thickness and 
color of the fat-tissue and the condition of the muscles. 

Inspection of the Abdommal Cavity, — The character 
of any fluid present should be determined and its amount 
measured or estimated The simplest way to remove it is to 
dip it up with a small cup or dish and pour it into a glass 
graduate for inspection and measurement If the presence 
of gas within the peritoneal cavity is suspected, a small 
pouch should be formed in the first incision as soon as it has 
been made and water jxiured in. The first opening into the 
abdominal cavity should then be made with the point of a 
scalpel at the bottom of the water, through which the gas, 
if present, will escape in bubbles. 

The various abdominal organs and their relations to each 
other are to be investigated in situ by sight and by touch. 



JO PATHOLOGICAL TECHNIQCE, 

As a rule, examine first the gastro-intestinal tract, including 
the appendix and the mesenteric lyniph-tiodes. Ulcerations 
of the intestine can often readily be made out through the 
waUs. The examination of the spleen, liver, kidneys, and 
pelvic organs follows. The pancreas is easily reached by 
tearing through the omentum between the stomach and the 
colon, so as to open the lesser peritoneal cavit>% 

After the inspection of the abdominal organs the position 
of the diaphragm is to be ascertained on both sides in the 
costochondral line by measuring with the right hand passed 
palm upward underneath the ribs, and the left hand outside 
at the corresponding height to mark the position of ribs or 
intercostal spaces. On the right side the hand is to be 
passed up on the outside of the falciform ligament. Nor- 
mally, the diaphragm stands at the fifth rib on the left side, 
and at the fourth rib or fourth interspace on the right. 

Opening of the Thorax. — To open the thorax, cut 
through the cartilages close to the ribs from the second 
down (about 5 mm, distant) with a scalpel held nearly hori- 
zontal, so that as one cartilage is cut tlirough the handle of 
the scalpel will strike the next below and prevent the blade 
from penetrating too far and injuring the lung. In young 
people the cartilages can be cut easily by one long stroke on 
each side, but care must be taken not to go too deep. If 
the intercostal muscles are not divided by the same opera- 
tion, the sternum can be depressed by the left hand and the 
muscles severed by one pass of the knife on each side. The 
lower end of the sternum can now be elevated and freed 
from below upward from the diaphragm and pericardium 
until the first rib is reached The cartilage of this rib is to 
be cut about l cm. farther out than the others, and from 
below upward toward the clavicle, with the handle of the 
knife beneath the elevated sternum and with the point and 
edge of the knife directed upward and a little outward. The 
sternum is then to be still further freed from the anterior 
mediastinal tissue until its upper end is reached. The sterno- 
clavicular joint on the left side can now be easily opened 
from below by entering a scalpel just above the cartilage of 
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the first rib» and following the irregular line of the joint 
around the end of the clavicle, while at the same time draw- 
ing the sternum over to the right side of the body. The 
right sterno-clavicular articulation is to be opened by con- 
tinuing the incision of the scalpel over the upper end of the 
sternum and into the second joint. The advantage of this 
method is that there is much less danger of wounding the large 
vessels at the base of the neck, and thus of mingling blood 
with any exudation which may happen to be present in the 
pleural cavities. If preferred, ho%vever, the articulations can 
be opened and the cartilages of the first ribs cut from above 
before freeing the sternum from the diaphragm. In this case 
enter a short, sharp, narrow-bladed scalpel held vertically, 
but loosely, into the left joint on its upper side, starting the 
incision just outside of the attachment of the sternal end of 
the sterno-mastoid muscle, and cut around the end of the 
clavicle by a series of short up-and-down strokes, allowing 
the blade to follow the irregular Une of the joint. After cut* 
ting through the joint continue the incision outivard and cut 
through the cartilage of the first rib. 

If the cartilages are calcified, use the costotome and cut 
through the ribs, as more room can be gained in this way, 
and they are more easily cut than calcified cartilages. When 
for any reason it is not permitted to open the thorax, the 
organs within it can be obtained through the opening into 
the abdominal cavit}' by freeing the diaphragm from the ribs, 
and removing first the heart and then the lungs. The 
sternum should be inspected at the time of its removal* It 
is perhaps best to examine next, especially in children, the 
epiphyses of the ribs at the costochondral line for any evi* 
dence of thickening. 

Inspection of the Plenral Cavities, — In the pleural 
cavities, as in the peritoneal cavity, the character and amount 
of any abnormal contents must be determined. If, from the 
clinical history^ or from any other reason, the presence of 
air in a pleural cavit>' is suspected, a pouch should be formed 
over the ribs by aid of the skin-flap and filled with water. 
The pleural cavit>' is then to be pierced with a scalpel 
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through the bottom of the pouch. Air, if present, will 
bubble up through the water. 

Slight adhesions are best torn through or cut If the 
lungs are firmly attached, it is best to strip off the costal 
layer of the pleura with the lung. This is most easily done 
by starting the anterior edge of the costal pleura with the 
handle of the scalpel, and working in first a finger and then 
the whole hand until the pleura is entirely free. In passing 
the hand into the pleural cavities protect the back of it, 
especially if the ribs have been cut through, by folding the 
skin-flap in over the edge of the ribs. 

If desired, the lungs can be drawn forward, examined over 
their whole extent, even incised, and then replaced until the 
heart has been removed. In the connective tissue of the 
anterior medhutimim there is almost always a certain amount 
of emphysema due to the removal of the sternum. Emphys- 
ema due to laceration of lung- tissue is more marked in the 
upper half of the mediastinum, and usually extends up into 
the neck. The thymus gland attains its full development at 
the end of the second year, after which time it usually 
gradually disappears. 

Opening of the Pericardium.— To open the pericar- 
dium, seize tile sac near the middle with fingers or forceps, 
snip through the wall with knife or scissors, and witli either 
instrument cut upward to where the pericardium is reflected 
over the large vessels, downward to the low^er right border, 
and lastly to the apex. By gently raising the apex of the 
heart the amount of fluid in the pericardial cavity can be 
seen. The normal amount is about a teaspoonful, but it may 
be increased to too c.c, in cases where the death-agony is 
prolonged Pericardial adhesions should be broken through 
with the fingers. If this is impossible, the heart must be 
incised through the pericardium. 

External Inspection of the Heart, — Determine first 
the iKJsition, si^c, and shape of the heart, and the degree of 
distention of the different parts. The right ventricle and 
both auricles are usually distended with blood, which may 
be fluid as in death from suffocation or more or less coagu- 



I 



POST-MORTEM EXAMiNATIONS, 



33 



lated. The left ventricle is contracted and empty unless the 
individual has died from paralysis of this part of the heart, 
when it will be found distended with blood (condition of 
greatest diastole). 

Openmg of the Heart,— The heart may be opened in 
situ or after removal trom the body. ICxcept in certain cases, 
to be spoken of later, it usually will be found advisable to 
remove the heart before making any incision into it, for the 
reason that it can be more perfectly opened after removal, 
especially by beginners, and the danger of contaminating 
any bacterial lesions of the valves is lessened. 

To rcmtnr tke heart, grasp it gently near the apex with 
the left hand, supporting it further, if necessar>% by one or 
two fingers placed above the coronal suture, and lift the 
whole heart vertically upward. Then cut its vessels from 
below upward \i^th the knife held transverse and oblique* 
Divide in turn the inferior vena cava, the pulmonar>' veins on 
both sides, the superior vena cava, the pulmonary^ arteiy, 
and the aorta. Go deep enough to remove the auricles 
entire, but av^oid injur}" to the underlying esophagus. 

For making the incisions to open the heart either a long, 
slender-bladed knife or long, straight scissors may be used. 
The heart should be placed on a board with its anterior sur- 
face up. The right auricle is opened by cutting from the 
orifice of the inferior v^ena cava into that of the superior, 
and from the latter into the auricular appendage. The first 
incision to open the right ventricle is made through the tri- 
cuspid valve and the wall of the ventricle along the under 
surface of the right border of the heart. It should be 
carried to the end of the ventricle, which does not reach 
quite to the apex of the heart The second incision begins 
about the middle of the first, just above the insertion of the 
anterior papillary* muscle (which should not be cut), and is 
carried through the pulmonary valve well over on the left 
side along the left border of a narrow; projecting ridge of 
fat-tissue usually present, so as to pass between the left ante- 
rior and the posterior segments of the valve. 

The left auricle is opened in a manner similar to the right 
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by incisions joimnij the four orifices of the pulmonary veins 
and extending into the iiuricuiar appendage. 

The first incision into the left ventricle is through the 
mitral valve along the left border of the heart {}. t\ the 
middle of the externa! wall of the left ventricle), between 
the two bundles of papillary muscles, to the apex of the 
heart. The second incision begins at the termination of the 
first at the apex, and is carried up close to the interven- 
tricular septum, parallel to the descending branch of the 




Fin. 6.— Hearty showing incisions, 

anterior coronarj^ arter)' and about i cm. from it. The 
upper portion of the incision should pass midway between 
the puhnonar}^ valve and the left auricular appendage. 
Ordinarily, one of the aortic cusps is divided, but this may 
be avoided, if desired, by dissecting awa\^ to some extent the 
pulmonar>^ artery from the aorta and carr>nng the incision 
well over to the right between the right posterior and ante- 
rior valve-segments. As each auricle is opened the blood 
and clots it contains should be carefully removed and the 
auriculo-ventricular valves carefully inspected from above. 
In certain cases^ — as, for instance, extreme stenosis — it may 
be preferable not to cut through the valve, but to begin the 
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incision in the ventricular wall below the valve. The ven- 
tricular cavities should in like manner be freed from clots 
and the \*alves closely inspected. The coronary arteries 
should always be opened by means of small, narrow-bladed^ 
probe-pointed scissors as far as they can be followed* The 
examination of the descending branch of the anterior artery 
is especially important. The posterior coronar>' is best 
opened by placing the tip of the left fore finger in the aorta 
over the orifice of the artery, and cutting from without in 
toward the finger-tip until the vessel is reached, when it can 
easily be slit up. In this way injur}' to the aorta is avoided. 

In cases of more or less sudden death with s)'mptoms of 
asphyxia the pulmonar>^ artery should ahvays be opened in 
situ before removal of the heart, in order to examine for pos- 
sible emboli, because they often lodge just at the point where 
the vessels are severed in removing the heart and lungs, and 
easily may slip out unobser\'ed. The simplest operation is 
to thrust a sharp- pointed scalpel through the artery just 
above the valve on the left side in the line of incision already 
describedp and to cut upward unti! the branches to the right 
and left lungs are reached. If desired, this incision may be 
extended down through the pulmonar>' valve and the ven- 
tricular wall along the line given for the second incision in 
the right ventricle. 

The water-test for the competence of the valves of the 
heart is not very reliable^ especially for the auriculd-ven- 
tricular valves, and is not so much used as formerly. 
Inspection and measurement of the valve after the heart 
has been opened will usually enable one to judge fairly 
accurately concerning the degree of competence. Before 
applying the test to the aortic valve the first incision into 
the left ventricle must be made and the cavity freed from 
clots, so that no obstruction will exist below the valve. 
Then the heart is to be held so that the aortic valve is per- 
fectly horizontal, and water poured in from above to float the 
cusps out. If com [X tent, they should keep the water from 
flowing through. If, however, in holding the heart the nor- 
mal relations of the valve and the surrounding parts are not 



36 PATHOLOGICAL TECHNIQUE, 

maintained, the valve may leak. A second source of error 
is that the water may escape through the coronary arteries, 
branches of which have been cut in opening the ventricle. 
In testing the mitral valve the left auricle is first opened and 
the clots removed, so as to expose the upper surface of the 
valve. Then the nozzle of a syringe is introduced through 
the aortic valve and water forced in so as to float the mitral 
curtains up. The test, however, is very unreliable, because 
the parts cannot be placed under natural conditions. 

The pulmonary and tricuspid valves can, of course, be 
tested by methods similar to those already described. 

Increase or diminution in the size of the heart is best 
determined by weighing the organ after the removal of the 
clots. In certain cases, however, and in special investigations 
measurements of different parts of the heart are desirable. 
Roughly, the heart is the size of the individual's fist. 

The following weights and measurements are taken from 
Natiwcrck's Seetiofisteehnik : 

Weight of the heart averages in men, 3CX> gr. > q ., 

" " " ** women, 250 •* i 

Krause gives the average weight of the heart as 292 gr. 
Relative weight of heart to body in men, 1-169 "> iTj-ause 

" ♦« " " women, 1-162 / 

I^ength of heart in men, 8.5-9 cm. 1 d%, / 

" « women, 8.0-8.5 " i 

Circumference of heart at base of ventricles, 28.8 cm. (Sappey). 
Thickness of wall of left ventricle, 1. 1 -1.4 cm. *) ^ 

" " right " 0.5-0.7 " / 

Thickness of wall of left ventricle (without trabecule), 7-10 mm. \ q .l 

it a right " " " 2-3 •* J 

Circumference of mitral orifice, 10.4 (W.), 10.9 (M.) 
♦• " tricuspid •♦ 12.0 (\V.), 12.7 (M.) 

" aortic ♦* 7.7 (W.), 8.0 (M.) 

" •• pulmonary orifice, 8.9 (W.), 9.2 (M.) 

" *• ascending aorta, 7.4 cm. 

" ** pulmonary artery, 8.0 cm. (Buhl). 

The directions given for the removal and opening of the 
heart apply only when the organ is normal or contains 
lesions within itself which are not in continuity with any of 
the vessels entering into it. In aneurysm of the ascending 
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aorta, in thrombosis of a vena cava, and in a number of dif- 
ferent lesions connected witli the heart or with the vessels 
given off from it, it is important to examine these vessels 
and to open them while they are still in continuity with the 
heart* For this purpose it is often necessary or advantageous 
to remove the thoracic organs in one piece, so as to be able 
to examine the central circulator)^ apparatus in continuity 
from the front apd back before disturbing any of its relations. 
This is done by cutting across the trachea and adjoining 
tissues as high in the neck as necessar>' or possible, and dis- 
secting them free from the cervical vertebra and the first 
ribs. Then by drawing the trachea and surrounding tissues 
forcibly forward the aorta and overlying organs can be easily 
stripped from the vertebra! column as low as the diaphragm. 
The left hand is now placed around the lower end of the 
pericardial sac, the aorta, and the esophagus just above the 
diaphragm, and the vessels are severed by cutting between 
the hand and the diaphragm. 

More space for the examination in situ of the vessels at 
the base of the neck can be obtained by freeing the clavicles 
from all attachments above and to the first ribs and drawing 
theni forcibly outward ; this operation will be found especially 
useful in folio vrin^ up the subclavian vessels. 

Removal of the lyUngS. — Pleural adhesions have al- 
ready been spoken of. If the base of the lung is adherent 
to the diaphragm, it is usually advisable to remove the latter 
with the lung by cutting through its insertion into the ribs* 
According to Orth, there is less danger of wounding the ab- 
dominal organs if scissors be used for the performance of 
the operation. After the lung is (rce it is drawn forward 
out of the pleural cavity, and the root of it is grasped from 
above downward between the separated fingers (first and 
second or second and third) of the left hand. The lung, 
thus resting in the palm of the left hand, is first drawn 
dow^nward toward the pubes until the primary' bronchus is 
divided by a nearly vertical incision abo\ e and behind the 
left hand* Then the lung is lifted vertically upward, and the 
rest of its attachments cut in the same direction from above 
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doiMiward by the knife held transverse and flat, so as to 
avoid injuring the esophagus and aorta. 

The procedure is the same for both lungs. Once in a 
great while the apex of a lung will be found so firmly adhe- 
rent by dense scar-tissue that it can be freed only by using 
the knife. 

The primary or main incision into a lung is a long, deep 




Fig. 7. — Method of indsing the lung (Nauwerck). 



cut from the apex to the base and from the convex surface 

to the root, slitting the primary bronchus, and thus not cut- 
ting it ofiT from its branches to the upper and lower lobes 
(Ftg< j\ To incise the left lung, place it with its inner or 
median surface and root downward on a board and with its 
base tow^ard the operator. The left thumb steadies the lower 
lobe; the first finger reaches between the two lobes almost 
to the primary bronchus ; and the rest of the fingers should 
hold the upper lobe. 
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The right lung is most easily incised by placing it in the 
same position, but with the apex toward the operator; in 
other words, always place the anterior edge of a lung beneath 
the palm of the hand. Some prefer to place each lung on 
its lower or diaphragmatic surface for incision. The right 
middle lobe is incised separately by a cut extending trans- 
versely in its greatest diameter* 

The bronchi and blood-vessels should be opened up for 
some distance with small probe-pointed scissors — as a rule 
from the surfiice of the section — cutting through the over- 
lying lung- tissue. In some cases, however, it is best to open 
up both the blood-vessels and the bronchi from the outside 
of the lung before incising it The order to follow is vein 
first, then arter>^ and finally the bronchus. 

Secondary cuts into the lung are to be made parallel to 
the main incision. 

The bronchia! lymph-nodes should be incised from the 
outside of the lung. 

Organs of the Neck, — The operation of the removal 
of the organs of the neck is greatly facilitated if it is pos- 
sible to continue the primary skin-incision up to the chin. 
In other cases dissect the skin from the lar>'nx and muscles 
of the neck as far up as possible* In like manner free the 
muscles, esophagus, and trachea from their attachments later- 
ally and posteriorly. Then allow the head to drop well back 
over the end of the table, and pass a long, slender-bladed 
knife up between the skin and the lar>*nx, just behind the 
symphysis of the lower jaw, until the point of the knife 
appears beneath the tip of the tongue. From this point the 
knife is carried with a sawing motion down first one ramus 
of the jaw^ and then the other, dividing laterally the glossal 
muscles as far back as the posterior phar>^nx. The knife is 
next carried up behind the esophagus, and the posterior wall 
of the pharynx divided as high as possible. Pass the left 
hand up inside of the neck and draw down the tongue. 
Then cut the attachments of the soft to the hard palate, 
carr>^ing the knife well out so as not to injure the tonsils. 
Any remaining attachments are usually easily severed by 
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pressing the tongue first to one side and then to the other, 
and cutting close to the roof of the pharynx. 

Each lobe of the thyroid gland is to be incised in its 
greatest diameter. 

Next cut through the middle of the uvula and examine 
all of the pharynx removed. Incise the tonsils vertically. 
The esophagus is to be slit in the median line posteriorly ; 
if it is normal, the larynx and trachea are then slit in the pos- 
terior median line also, thus splitting the esophagus in two. 

The Abdominal Cavity. — The order of removal of 
the abdominal organs varies with different operators, and 
under varying circumstances with the same operator. The 
gastro-intestinal tract, including the liver and pancreas, may 
be removed before or after the genito-urinary tract. The 
spleen as an organ by itself is often the first to be removed. 
The early removal of the liver is occasionally advantageous 
for the sake of the additional space obtained for the exami- 
nation of the other organs. It is well to practise the different 
methods of procedure, so that in a difficult case the best 
may be selected, because the examination of the abdominal 
cavity, especially in cases of extensive disease with numer- 
ous adhesions, is often one of the hardest tasks in post- 
mortem technique. As a rule, it is best to follow the usual 
order as long as possible, gradually removing the more or 
less normal or uninvolved organs. Occasionally it may be 
advisable to remove the organs en bloc^ so as to be able to 
approach the problem from all sides. 

In all cases of acute peritonitis it is best before removing 
any organ to search for the source of the infection, paying 
particular attention to the vermiform appendix, to the gastro- 
intestinal tract, and, in females, to the pelvic organs. 

The order of removal of the abdominal organs adopted 
in this book for the majority of cases is that which seems 
the simplest and most natural — namely, to remove first the 
spleen as an organ essentially by itself; secondly, the gastro- 
intestinal tract, including the pancreas and liver, which forms 
the upper layer ; thirdly, the genito-urinary tract or middle 
layer, leaving the circulatory tract, the lowest layer, to be 
opened and inspected />/ situ. If, however, it proves neces- 
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sar>' to open a part of the gastro-intestinal tract in siiu, it 
will be neater perhaps to remove the kidneys and spleen 
first Occasionally at private autopsies it may be unneces- 
sary to examine the intestinal tract; under these circum- 
stances it is important to be able to get at the different 
organs without taking out the intestines. 

The Spleen.— As a rule, the spleen can easily be drawTi 
forward from its bed behind the fundus of the stomach, be* 
ncath the diaphragm, and lifted on to the lower edge of the 
ribs on the left side without cutting its vessels. The organ 
Is then to be incised in its greatest diameter white thus firmly 
fixed between the left hand and the ribs ; or the vessels may 
be cut close to the hilus and the spleen incised after being 
placed on a board. 

In cases of adhesion to the diaphragm the spleen must be 
handled carefully while the fibrous attachments are torn or 
cut through, for the capsule is easily ruptured. Occasion- 
ally it is advisable to cut out with the spleen the portion of 
diaphragm attached to it. 

The important anatomical structures to be noted in the 
macroscopic examination are the capsule, trabeculse, blood- 
vessels, lymph-nodules, and pulp. The weight of the spleen, 
according to Orth, varies from 150 to 250 grams. The 
average w^eight is put at 171 grams. The spleen measures 
12 X 7,5 X 3 cm. 

The Gastro-mtestinal Tract. — The first step is to 
examine externally, more or less carefully according to the 
clinical symptoms, the whole tract from the stomach to the 
rectum, if it has not already been done at the primar)" in- 
spection of the peritoneal cavity. The main points to notice 
are distention or contmction of the intestines, injection of the 
blood-vesseis, thickening of the w^all, c^pecipdly in the lower 
part of the ileum, adhesions, exudations, etc. Inspect the 
mesentery, its length, the amount of fat, and the size of the 
lymph-nodes ; incise the latter to determine color and con- 
sistency. E.xamine the mesenteric vessels if any evidence 
of infarction of the intestine is noticed* The portal vein and 
its branches should be opened up in situ, in all cases of ab- 
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scess of the Iiver or of secondary deposits in it of malignant 
growths, before the gastro-intestinal tract is removed. As a 
rule^ it is not necessary to open any part of the gastro-inte*^- 
tinal tract in situ. The operation can be performed mucli 
more neatly at the sink. The duodenum is often opened for 
the sake of investigating the flow of bile from the gall-duct, 
but except in cases of jaundice the operation must be looked 
upon largely as a physiological experiment. 

Free the umentimi from the transverse colon by putting It 
on the stretch and dividing it with the knife close to the 
colon. Then begin the removal of the large intestine by 
drawing the sigmoid flexure forcibly forward and cutting the 
mesocolon close to the gut^ first down to the rectum, then 
upward to the transverse colon. Free the latter by dividing 
the two folds of the lesser omentum, if not already cut 
through, w^hich unite It to the stomach- The ascending 
colon is to be freed in the same manner as the descending 
portion. Care should be taken not to injure the appendix. 
If the lower part of the sigmoid flexure be now stripped up* 
ward a short distance with the fingers, so as to force the in- 
testinal contents out of the way, the gut can be divided just 
above the rectum without fear of the feces escaping. 

Place the freed intestine in a pan or pail, and as the small 
intestine is divided from its mesentery deposit it in the same 
receptacle. To remove the small intestine, begin at the ce- 
cum, and. while lifting the ileum with the left hand strongly 
enough to keep the mesentery constantly tense, cut the latter 
close to the intestine by playing the knife easily backward 
and forward across it with a fiddle-bow movement. Con- 
tinue the operation until the duodenum Is reached. The 
mesentery can now be dissected from the duodenum and re- 
moved, or the mesentery', duodenum, pancreas, and stomach 
can be removed in continuity wi'th the intestine by carefully 
dissecting them off the imderlying structures. The opera- 
tion is perhaps more easily accomplished by freeing the 
organs from below upw^ard. First cut down through the 
diaphragm and free it around the esophagus. Then separate 
the stomach from the liver by means of the thumb and fingers 
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of the left hand in such a way as to put on the stretch the 
vessels of the hepato-duodcnal ligament. These vessels 
(hepatic artery, common gall-duct, and portal vein) are then 
carefully divided in the order niimed. As each vessel is cut 
the character of its contents should be observed to see if 
anything abnormal is present. 

The mesenter>% if still present, the duodenum, the pan- 
creas, and the stomach, are now to be dissected carefully 
away from the underlying vessels from below upward until 
the esophagus is reached. This may be constricted by the 
fingers at any point desired, and cut across without danger 
of the gastric contents escaping and without the necessity 
of tying. In certain cases of hemorrhage from the stomach 
associated with cirrhosis of the liver it is important to re- 
move the esophagus in continuity with the stomach, because 
in these cases the hemorrhage usually takes place from 
dilated esophageal veins. 

The stopnack and inUstincs are now to be opened at the 
sink by means of the enterotome, the colon along one of its 
longitudinal muscular bands, the small intestine along its 
mesenteric attachment, because the most important lesions 
usually occur opposite this line in the lymph-nodules and 
Peyer s patches* The stomach is opened by many along the 
greater curvature; others, however, prefer to cut along a 
line J cm. from the lesser curvature, on the ground that 
better museum preparations are thus obtained In case 
any tumor or focal lesion is perceived from the outside, it 
is advisable to cut the stomach, if possible, in such a way as 
to leave the pathological part uninjured. 

Whenever jaundice is present the duodenum must be 
opened in stfu in order to examine the bile apparatus in con- 
tinuit>% so as to determine whether the coloring is due to 
obstruction of the hepatic or common gall-ducts, or is of so- 
called hematogenous origin. 

To o\ycn the tijuHiarnm make a transverse fold in the ante- 
rior wall and incise with the scissors. Continue the longi- 
tudinal slit thus made up as far as the pylorus and down to 
where the duodenum passes beneath the mesentery. Notice 
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the contents of the duodenum and their color both above 
and below the opening of the gall-duct. The ductus cho- 
ledochus usually opens in common with the ductus pan- 
creaticus on the posterior wall of the duodenum a little 
below the middle of the head of the pancreas, at a point 
marked by a small papilla which can easily be recognized 
by putting the mucous membrane on the stretch transversely. 
Press first on the common duct gently and in the direction 
of the papilla, watching the opening to see if any obstructing 
material is forced out. Pressure is then to be made on the 
gall-bladder to see if its contents also will flow. If neces- 
sary, the common duct and its branches are to be opened in 
situ. In certain cases the ductus pancreaticus is likewise to 
be opened up. 

Several cross-sections of the pancreas are usually better 
than one in the greatest diameter, because the duct is left in 
a better condition for slitting up if necessary. The weight 
of the pancreas varies from 90 to 120 grams (Orth). It 
measures 23 X 4.5 X 2.8 cm. 

The Liver. — The liver is usually the last organ of the 
gastro-intestinal tract to be removed. This is ordinarily 
done by lifting up the right lobe and freeing it from all 
attachments as far as the vertebral column : the right lobe is 
then lifted and placed on the edge of the ribs on the right 
side, while the left lobe is elevated and freed. If the dia- 
phragm is firmly adherent, remove it with the liver. The 
incision to display the liver is a long deep cut passing through 
the right and left lobes in the greatest diameter of the organ. 

In a good many cases it is very convenient to remove the 
liver at the beginning of the special examination of the ab- 
dominal cavity, because more room can be obtained for the 
investigation of the other organs. This latter fault can to 
some extent be obviated by cutting the diaphragm on the 
right side and allowing the liver to slide forward somewhat 
into the right thoracic cavity. 

There can be no objection to the removal of the liver 
when jaundice is not present or when the liver is not con- 
nected by continuity with the lesion of some other organ 
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(pylephlebitis, malignant growth extending through portat 
vein or along gaii-ducts, etc.). 

The operation is performed as follows : Pass the left hand 
in between the diaphragm and the right lobe and push the 
livTf forward out of the right hypochondrium. Incise it 
deeply in its greatest diameter through the left and right 
lobes. Next free the gall-bladder from its bed by means of 
the fingers, and cut it off near the ductus hepaticus after 
compressing its lower end. It can then be of>ened length- 
wise and washed without danger of discoloring the liver or 
other organs. The liver is now to be grasped by placing 
the thumb on the under surface of the liver and the fingers 
in the incision. Elevate the organ, and, while carefully 
watching, cut through the hepato-duodenal ligament, which 
includes the blood-vessels and the ductus hepaticus. The 
ligamentum hepato-gastrium, the inferior vena cava, the 
suspensory ligament, the ligamentum coronarium, and the 
tissue betvi^een the inferior surface of the liver and the upper 
end of the kidney follow next : the adrenal is to be left on 
the kidney, and the diaphragm ought not to be injured 

Even in the ordinary^ way of removing the liver the organ 
will be found much easier to handle if the usual incision is 
made in situ, so as to furnish a hold for the left hand. 

Other cuts into the liver are best made parallel to the 
primary one. 

Orth gives the weight of the liver for adults as varying 
from looo to 2000 grams. The average weight is usually 
put at 1500 to iSoo grams, 

The liver measurements are as follows : 

Lcngih from right to left ,.,......<. . ^5^J* ^^* 

V<kMh of right kibe , , . lS-20 " 

Width of Irft lobe *-,,..,.* S-lo " 

VtTticiil tiiameter of right lobe ,,»,♦•♦♦. W^tm ** 

Vertical diameter of kft Jobe 15-lb " 

Greatest thickne** ».*..,. 6- 9,5 ♦« 

The Kidneys and Adrenals. — If the adrenals arc to be 
removed with the kidneys, it is necessary to cut first to the 
inside, and secondly above the adrenal and then to make 
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from the outer end of the second cut a curved incision along 
the outer convex border of the kidney through the perito- 
neum and the perinephritic fat-tissue. The left hand is to 
be inserted into the cut, the mass of tissue drawn forcibly 
forward, and the vessels divided as close to the aorta as pos- 
sible, so that the renal vessels may be slit up and examined 
in connection with the renal lesions. The adrenal should be 
incised crosswise. The kidney is to be held firmly in the 
left hand between the thumb and fingers while a longitudinal 
incision is made from the convex border to the hilus. As a 
rule, it is better to shell it out of its investing fat-tissue before 
incising it. 

It will often be found convenient to make simply the curved 
incision above given, to shell the kidney out of its fat-cap- 
sule, and then to divide its vessels, leaving the adrenal behind 
to be incised vt situ or removed separately. As a rule the left 
kidney is removed first. 

In all cases in which the bladder is involved in patho- 
logical changes in common with the kidneys the whole 
urinary tract should be removed intact, so that the lesions 
may be examined in continuity. For this reason it is a good 
plan to open up the pelvis of the kidney and the ureter from 
the primary incision, in order to see if any lesion is present 
before dividing the ureter. 

If it is desired to remove the kidneys before the intestines, 
the latter must to some extent be freed from their normal 
attachments. 

The splenic flexure of the colon is first to be drawn for- 
cibly forward and its attachments divided where they hide the 
left kidney. If the ureter is to be taken out also, it is best 
to free the whole of the descending colon from its mesocolon. 
Then the colon and the coils of small intestine are drawn 
over to the right side of the body, so as to leave the left kid- 
ney and adrenal exposed. They are then removed in exactly 
the same manner as already described. 

To remove the right kidney the hepatic flexure must be 
freed from ov^er it. If the ureter is to be taken out, the de- 
scending colon and the cecum are dissected from over it. 
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The right adrenal is firmly attached to the under surface of 
the liver, and munt be carefully dissected from it by turning 
the latter upward. 

If the urinary tract is to be removed in continuity, each 
ureter is dissected down to the brim of the pelvis, and then 
left with its kidney attached until the pelvic organs have 
been taken out. 

After the kidney has been incised the capsule is to be 
stripped off, at least in part, so that the appearance of the 
surface of the kidney and the presence or absence of adhe- 
sions between the capsule and the renal tissue can be deter- 
mined 

The points to be noted in the macroscopic examination of 
the kidney are sire, consistency, and, on section, color, rela- 
tive proportion of cortex to pyramids, and thickness of each ; 
finally, the normal markings of the kidney, including blood- 
vessels, glomeruli, convoluted and straight tubules of cortex, 
collecting tubules of pyramids. 

The average weight of the kidney is I 50 grams. The left 
kidney is always 5 to 7 grams heavier than the right (Orth). 
A kidney measures 11-12X5^X3-4.5 cm. The cortex 
measures in thickness 4-6 mm. The relation of the cortex 
to the medulla is 1 to 3, 

Tlie Pelvic Organs. ^ — The pelvic organs are most easily 
and neatly removed by stripping the peritoneum from the 
pelvic wall with the fingers. Begin over the bladder and 
extend down the sides of the pelvis until the fingers meet 
beneath the rectum. Brace the backs of the hands laterally 
on the brim of the pelvis and lift the fingers forcibly upward ; 
this movement will free the pelvic organs cleanly from the 
sacrum, and leave them attached only anteriorly at the rectal 
and genital openings, and posteriorly by the peritoneum and 
the vessels at the brim of the pelvis. 

Anteriorly, the attachments may now be divided wnth the 
knife at whatever point seems advisable, ordinarily close to 
the pubes just anterior to the prostate (or through the ure- 
thra and vagina in females) and through the lower end of 
the rectum. Posteriorly, cut through the tissues at the brim 
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of the pelvis, taking care not to cut the ureters if the kid- 
neys are still attached to them. The rectum is to be opened 
with the enterotome along the posterior wall, and the inner 
surface thoroughly washed off so as to avoid soiling the 
other organs. 

To open the bladder in males, especially if the penis has 
been removed in continuity with it, incise with the scissors a 
transverse fold in the anterior wall of the fundus, and carry 
the incision through the urethra and along the dorsum of the 
penis. To accomplish the latter act perfectly the penis must 
be firmly stretched by having an assistant pull at the frenum 
while the bladder is held fixed by the operator. 

In females it is usual to enter the scissors into the bladder 
through the urethra and to cut through the middle of the 
anterior wall of the fundus. 

In males the rectum should be dissected from the bladder, 
so as to lay bare the vesiculate seminales and the prostate, 
which are examined by means of several transverse incisions. 

In females, if the bladder is normal, the vagina is incised 
in the anterior wall through the middle of the bladder. Or 
the vagina may be incised laterally until the cervix is reached, 
and then the cut be carried up to the median line. 

The uterus is incised in its anterior wall from the cervix 
to the fundus. From the upper part of this incision second- 
ary incisions are carried out on each side to the orifices of the 
Fallopian tubes. 

The (Tc'aries are incised in their greatest diameter, from the 
convex border to the hilus. Weight of ovaries, 7 grams. 

The testicles can readily be examined without external 
injurv' to the scrotum by cutting underneath the skin over 
the pubes down to the scrotum on either side of the penis, 
and shoving the testicles up through the incision. Cut care- 
fully through the overlying tissues until the cavity of the 
tunica vaginalis is opened. Remove the testicle by severing 
the cord. The incision to display a testicle should be in the 
long diameter, beginning on the side opposite the epididymis 
and e.xtending through into it. Weight of testicles, 15-24.5 
grams. In cases of tuberculosis of the testis and epididymis 
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it ts advisable not to cut through the cord, but to remove 
the testicles and cords with the bladder, so that the whole 
genital tract may be examined in continuity' and the asso- 
ciated lesions in the vesicul^ seminales demonstrated, if 
present. 

The ptnis, or at least the larger portion of it, can be re- 
moved in connection with the bladder by continuing the pri- 
mary body-incision out to about the middle of the dorsum 
of the penis, which is then to be freed from the investing 
skin and divided just posterior to the corona. It is next 
dissected back to the pubic arch, and freed from it partly by 
cutting from without, partly from within, the pelvis, until the 
penis can be passed underneath the arch into the pelvis. 
Other methods arc to cot through the symphysis, which can 
then readily be sprung apart by swinging one of the legs 
out in a horizontal plane, or even to saw out a small sec* 
tion of bone including the symphysis, so as to have more 
room for freeing the attachment of the penis and for re- 
mo\ing it 

The structures now remaining in the abdominal and 
thoracic cavities which require examination are the large 
blood-vessels, the thoracic duct, the celiac ganglion, and the 
retroperitoneal lympli-nodes. The ift/enor vena awa and 
its branches are first examined (especially in all cases of 
pulmonar}^ embolism) by slitting them with scissors along 
the anterior wall. If it is necessary to follow the iliac ves- 
sels into the thigh, it will be found easier in sewing up if the 
primarj^ abdominal incision is continued off to the side in 
question, thus giving a single though curved incision. 

It is sometimes advisable to open up the inferior vena cava 
and its branches before removing the pelvic organs, so that 
thrombi extending into the pelvic vessels may be examined 
before they are disturbed. 

T\i^ scmiit4Har g-anj^iia lie on the aorta, around the celiac 
axis, above the pancreas. 

The ihi}rack dud lies behind and to the right of the aorta. 
In the thorax it is most easily found by dissecting on the 
right side between the aorta and the a^ygos vein. The re- 
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ceptaculum chyli lies to the right and behind the aorta upon 
the second or third lumbar vertebra. Examination of the 
thoracic duct is of especial importance in cases of tubercu- 
losis of the intestine and mesenteric lymph-nodes with 
secondary miliary tuberculosis. 

The aorta is to be opened /;/ situ along the anterior wall 
throughout its whole extent, and the iliacs as far as the 
femoral ring. 

Besides the brain, the spinal cord, and the thoracic and 
abdominal organs, it is often necessary to examine or remove 
for study other portions of the body that are affected by dis- 
ease. A little ingenuity will enable one in appropriate cases 
to get at almost any part desired. 

A view of the marrow in a long bone is most easily ob- 
tained in the femur by extending the body-incision down 
over one of the thighs, dissecting the muscles way, and then 
chiselling off a portion of the upper part of the shaft. 

In tuberculosis of the spine it is quite easy to remove any 
part, or even the whole, of the vertebral column, including 
the pelvis and portions of the femurs, without other incisions 
than the one from the neck to the pubes, with extension 
down the thighs in case parts of the femurs are to be taken 
out. Divide the ribs a few centimeters from the vertebral 
column on each side of the portion that is to be removed, 
cut through intervertebral disks both above and below it, 
and then carefully dissect it free, taking great care not to 
button-hole the skin. 

Removal of the Brain. — The incision into the scalp 
should begin from one to two centimeters behind the right 
ear, near its lower border, at the edge of the hair, and ex- 
tend over the vertex of the skull to a corresponding point 
behind the left ear. The cut is most easily made by thrust- 
ing a small narrow-bladed scalpel, with its back toward the 
calvarium and its point toward the vertex, through the skin 
behind the car and shoving it along in the desired direction. 
By making the incision in this manner the hair is not cut, 
but simply parted. The anterior flap should be stripped 
from the calvarium and the temporal muscles by putting it on 
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the stretch and dividing the loose connective tissue hold- 
ing it by sweeping strokes of the scalpel nearly as far for- 
ward as the orbits. After a part of the flap has been freed 
it is often possible to strip the rest without using the scalpel 
For the posterior flap, which should be removed back as far 
as the occipital protuberance, the scalpel nearly alw^ays has 
to be used. 

If the hair is long, the anterior portion can be rolled into 
the anterior flap over the face and thus protected. The 
posterior portion is gathered at the nape of the neck, and 
then a towel is wrapped tightly around the head and neck, 
extending from the line where the flaps are reflected down 
to the shoulders, and is pinned over the lower part of the 
forehead. In this manner the hair is perfectly protected from 
being soiled and ample room is left for work. 

Of the two methods of opening the skull, the circular and 
the wedge-shaped, the former makes the better museum 
preparadon, but the latter is in greater use in this country, 
and has the advantage of rendering the calvarium less likely 
to slip out of place after the head has been sewed up. 

The w^edge-shaped incision consists of three cuts, which 
should be outlined on the periosteum of the skull with a 
scalpel The first cut begins just above and behind the left 
ear, and is carried over the forehead just back of the edge 
of the hair or over the frontal eminences to a corresponding 
point abov-^e and behind the right ear. The two other cuts 
begin at each end of the first incision, forming there an 
obtuse angle, and are carried back to meet in the median 
line behind at an angle of about 160^ a little in front of the 
occipital protuberance. The temporal muscle on each side 
is now to be scraped back from the line of incision out of 
the way of the saw, but is not to be cut oflT The holder, 
if one is used, is attached with a foot in each obtuse angle 
in the temporal region. If 'a holder is not employed, the 
head is best steadied by hands on the calvarium and face. 
Use towels or cloth to prevent slipping. 

Start the incision with the saw over the forehead and 
extend it back along the line marked out It is best not to 
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carry the incision clear through the inner table of the bone, 
for two reasons : first, on account of the danger of injuring 
the brain-substance ; secondly, because if the inner table or 
a part of it is cracked through with a chisel and hammer, it 
can be done without injuring the underlying tissue, and the 
irregular overlapping fragments of bone thereby formed 
serve afterward for holding the calvarium firmly and steadily 
in place. 

After sawing along the lines marked out, insert a chisel in 
the frontal region, and with a quick, sharp blow crack 
through the rest of the inner table. In like manner insert 
the chisel in the middle of the other incisions and free the 
calvarium posteriorly. To remove the calvarium insert the 
chisel end of the hammer in the incision in the frontal 
region, and press down with the left hand while swinging 
the handle around in a horizontal plane. 

By means of the powerful purchase obtained the calvarium 
is easily started. Then catch the hook of the hammer over 
the calvarium and strip it off If the dura is adherent to the 
calvarium, it may be freed by using the point of the closed 
enterotome to pry it off. 

In young children, and sometimes in old people, it is 
necessary to remove the dura with the calvarium. To do this, 
cut through the dura with the point of a scalpel along the 
lines of incision in the skull ; then cut the falx cerebri in 
the median line, both anteriorly and posteriorly. 

An infant's skull is best opened by cutting with a pair of 
scissors through the dura along the sutures (in the longi- 
tudinal suture on each side of the falx) well down to the 
floor of the skull. This gives five bone-flaps which may be 
turned out like the petals of a flower, leaving the brain unin- 
jured. It is often necessary to cut half of the base of each 
flap in a horizontal line to aid its being turned out. The 
falx cerebri must of course be divided anteriorly and drawn 
back before the brain is removed. In sewing up, the bone- 
flaps are turned in over a bag of sand or sawdust filling the 
cranial cavity, and are kept perfectly in place by the skin. 

In a case of fracture of the skull no cracking with hammer 
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and chisel is allowable; the calvarium must be freed entirely 
by sawing- The caK^arium should be examined at the time 
of removal 

The next step is to inspect the dura. Under normal con- 
ditions it is not tense in the frontal region, but can be picked 
up with the forceps or fingers. If the dura is not thickened, 
the convolutions normally should be visible through it. The 
longitudinal sinus is opened with knife or scissors and its 
contents examined. Pacchionian granulations are not infre- 
quently found projecting into it. 

To remove the dura, cut through it with scissors or knife 
along the same lines in which the calvarium was sawn. Turn 
back each half of the dura and examine the surface of the 
convolutions and the inner surface of the dura. The con- 
volutions should be distinct and rounded, not flattened, with 
obliteration of the g\Ti, as occurs when there is internal 
pressure. 

The Pacchionian granulations are situated along the longi- 
tudinal fissure ajid may grow through the dura and form 
depressions in the calvarium. There may be apparent adhe- 
sions between the dura and pia due to veins passing from 
one to the other. The dura is still further freed by seizing 
the two halves anteriorly and lifting them up until the falx 
is tense at its insertion into the crista galli. Pass a knife in 
parallel to the falx, on the left side, with the edge forward, as 
far as the cribriform plate; turn it to the right and cut until 
the falx yields. Withdraw the knife in the same manner in 
which it was inserted. Next draw the dura back. It b usu- 
ally more or less attached along the longitudinal fissure by 
Pacchionian granulations and by blood-vessels. These may 
be cut or torn through. Do not cut the dura posteriorly, 
but let it hang down. 

To renwzr t/w brain, insert the two fore fingers, or the 
first and second fingers of the left hand, anteriorly between 
the dura and the frontal lobes, one on each side of the falx 
cerebri, and draw the brain gently back until the optic nerves 
arc visible. Ordinarily, the olfactor>^ nerves come away from 
the cribriform plate without trouble, but sometimes have to 
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be freed with the point of the knife. With a long, slender- 
bladed knife divide the optic nerves as far forward as possible 
while holding the brain back with the left hand. Continue 
to draw the brain carefully back and divide the cranial nerves 
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and the carotids. Then draw forward first the left» then the 
right temporal lobe, and cut the tentorium close to its attach- 
ment to the petrous portion of the temporal bone with a 
sawing motion, using the tip of the knife. Insert the knife 
at the side close to the squamous bone, and cut from there 
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in toward the foramen magnum. Then cut the nerves given 
off from the medulla oblongata whik supporting the con- 
vexity of tht brain in the left hand. 

Lastly, carry the knife as far as possible into the spinal 
canal, and divide the cer^-ical cord by an oblique incision 
from each side, severing the vertebral arteries with the same 
stroke. Better than a knife is the myelotome, because it 
gives a cross-section of the cord and allows more uf it to be 
removed. 

The brain is now to be removed by passing the first and 
second fingers of the right hand in on either side of the cord, 
and everting the brain while still supporting it posteriorly 
with the left hand 

Before proceeding to open the brain it is best to examine 
the base of the skull, particularly the dura» of which the 
sinuses should be incised, and the hypophysis cerebri. 

If there is a suspicion of a fracture at the base, strip off the 
dura, so as to give a better opportunity for examination of 
the bone. 

The brain should be weighed before it is dissected. The 
average weight in an adult male is 1358 grams j in an adult 
woman, 1235 grams. 

External Bxaminatioti of the Brain. — Place the 
brain with the base uppermost and with the cerebellum to- 
ward the operator. Examine first the pia and the cranial 
ner\'es, then the arteries, especially the middle cerebral and 
its branches on each side in the fissure of SyK^ius, for it is 
here that emboli most frequently lodge. The pia bridging 
the fissure of Sylvius can sometimes be torn through, but 
usually has to be cut. 

It is important, particularly in cases of obscure cerebral 
symptoms, to feel gently with the finger-tips all over the sur- 
face of the brain for any areas of increased density, because 
patches of sclerosis may in that way be found which might 
otherwise be overlooked. 

By stripping off the pia — a procedure not often advisable 
— adhesions over pathological areas can sometimes be found 
pointing to the lesions beneath, but the pia should not be 
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stripped from those portions which are to be examined mi- 
croscopically. To remove the pia an incision is made on the 
median surface of each hemisphere just above the corpus 
callosum from one extremity to the other, and the pia 
stripped back first from the median and then from the con- 
vex surface. The stripping is done by means of the fingers, 
with occasional aid from the forceps. 

Section of the Brain. — There are several methods of 
cutting up the brain, no one of which is particularly suitable 
to all occasions. That method must be chosen which is most 
fitted to the individual case and to the use to which the 
tissue is to be put. 

The ideal method from a neuro-pathological standpoint 
would undoubtedly be to harden the brain entire, and then 
to make serial frontal sections thin enough for microscopical 
purposes through the whole organ. The nearest approach 
to this ideal method is to harden the brain entire in formal- 
dehyde, a process occupying ten days to two weeks (see 
page 309), to make thin serial sections, to mordant the sec- 
tions, divided if necessary into smaller pieces, in a chrome 
salt (preferably by Weigcrt's quick method), and then to 
carry through a number of series from the important parts 
for microscopical examination. By this means the relations 
of the various cerebral structures and of the pathological 
lesions can be perfectly preserved and studied. This method 
can be particularly recommended for tracing degenerations 
in the motor tract. 

If there is a noticeable focal lesion, such as a tumor or 
hemorrhage, it should be so incised, generally frontally or 
horizontally, as best to show its relations to the important 
cerebral tracts and ganglia. In these cases also the best re- 
sults are obtained by hardening the brain entire in formal- 
dehyde, and later making serial sections for macroscopic 
study or for carrying through for histological purposes. In 
many cases, however, it is necessary or advisable to examine 
the lesions in the fresh state. For instance, if it be desired 
to study the neurc^glia-fibers, it is positively necessar}' to cut 
out thin slices of fresh tissue and to ^^s. them imniediatelv in 
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the proper solution. Often, too, the lesion cannot be or is 
not found except on fresh examination, or the clinician whose 
case it is desires to see at once the cause of certain symp- 
toms. Under such circumstances the more ideal method 
must be sacrificed, and as much made out of the case as is 
possible in the condition in whicli it k left after the exami- 
nation. 

For the routine examination of the brain« to demonstrate 
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its topography and to bring to light suspected or unsus- 
pected lesions, probably no method is more generally used 
than Virchow*s. The objection most often made against it 
is that die cerebral cortex is too much cut up. In case, 
however, it is desired to presene the cortex or parts of it for 
microscopic purposes, the longitudinal incisions after the first 
may be omitted, and the cortical portion, after being sepa- 
rated from the stem, may be cut in any way that seems ad- 
visable. In like manner, the brain-stem or any other part 
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may be left uncut, and hardened entire m formaldehyde for 

histological purposes. 

llre/nnvs Aicikod. — The brain is to be placed on its base 
in the same position as one*s own. Press the hemispheres 
apart a little so as to expose the corpus callosum. Hold the 
left half of the cerebrum in the left hand uith the fingers on the 
lateral aspect and the thumb in the longitudinal fissure. Then 
make an almost vertical incision with a long, slender knife 
through the roof of the left ventricle in its middle third, 2 to 
3 mm. from the median raphe of the corpus callosum* The 
roof of the ventricle is to be slightly raised vertically by the 
thumb, so that the incision, which must not be too deep, may 
not injure the basal ganglia. The incision is to be continued 
into the anterior and posterior cornua. Then make a long 
incision from one end of the above cut to the other, passing 
just outside of the basal ganglia at an angle of about 45°. 
Repeat the process on the right side, turning the brain half 
around Next seize what remains of the corpus callosum 
and fornix in the middle, lift them, and cut through from be- 
low up, passing the knife through the foramen of Munroe. 
The parts are then turned back, exposing the velum inter- 
positum and the choroid plexuses. By drawing back the 
velum interpositum the third ventricle is uncovered 

The corpora quadrigemina are exposed by cutting trans- 
versely the right posterior pillar of the fornix and adjoining 
brain-substance and carrying them over to the left. Each 
ventricle as it is opened is to be carefully inspected and any 
abnormal condition of its ependyma noted. The cortex is 
further divided on one side, and then on the other, by hold- 
ing it in the left hand and making vertical straight sections 
from the upper angle of the previous cut into the convex 
cortex, allowing the sections to fall apart, so as to avoid 
touching and soiling the suiface with knife or fingers. Each 
portion thus cut represents a prism. The incisions should 
go well into the cortex, but not so far as to separate the 
different pieces. The basal ganglia are examined by means 
of a number of frontal sections. For this purpose the left 
hand is placed palm upward underneath the brain, so that as 
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each section is made over the tips of the fingers by one long 
stroke of the knife it falls forward, exposing a clean surface 
of which the two halves can be compared. An Incision is 
next carried through the middle of the pineal gland, the 
corpora quadrigemina, and the vermiform process of the 
cerebellum, opening the aqueduct of Sylvius and the fourth 
ventricle. 

Each half of the cerebellum is divided by a median horl- 
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lontal section into halves, and these portions are still further 
subdivided by a series of cuts radiating from the peduncles. 

In order to make sections of the pons and medulla the 
brain is folded together and turned over. Several cross- 
sections are then made with the left hand placed beneath as 
in sectioning the basal ganglia. 

Before making the sections it is well to remove the basilar 
and vertebral arteries, especially if they are calcified. 

In Htr/s method of dissecting the brain the lateral ven* 
tricles are opened as in Virchow^'s method. Then the pedun- 
culi cerebri are cut squarely across, so as to remove the pons 
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and cerebellum, and a longitudinal incision is carried down 
through the third ventricle, halving the cerebruin. Through 
each half of the cerebrum a series of six sections is then 
made parallel to the fissure of Rolando. The names of the 
sections and the important parts which they show are as 
follows : 

L The pre-fr0Htai section through the frontal lube, 5 cm, 
anterior to the fissure of Rolando, shows the gray and white 
substance of the frontal convolutions. 

2. The pedici^/o-fnmiai scctwn through the posterior por- 
tions of the three frontal convolutions shows the anterior 
extremity of the island of Reil, the lenticular and caudate 
nuclei, and the internal capsule. 

3. Tht frmttai sccliott tli rough the ascending frontal con- 
volution, parallel to the fissure of Rolando, shows the optic 
thalamus, the lenticular and caudate nuclei, the claustrum, 
the external and internal capsules, the anterior portion of the 
descending horn of the lateral ventricle, and the island of 
Reil. 

4. The parteiai section through the ascending parietal con- 
volution shows portions of the same structures as the pre- 
ceding, and a transverse view of the hippocampus. 

5. The pcdiciiia^pafictai section through the parietal lobe, 
3 cm, posterior to the fissure of Rolando, shows the tail of 
the caudate nucleus in two places and the posterior portion 
of the optic thalamus. 

6. The cfccipititi section through the occipital lobe, i cm. 
in front of the pa rieto- occipital sulcus, shows simply the 
white and gray matter of the occipital lobe. The cere- 
bellum, pons, and medulla are incised in the manner already 
described. 

Removal of the Spinal Cord, — The body is to be 
placed face downward, with tlie head over the end of the 
table and a block under the chest. The incision is made 
over the spinous processes from the occiput to the sacrum. 
Dissect the skin and muscles back on each side^ so as to 
leave the vertebral laminae as bare as possible. The laminae 
may be cut through by means of several instruments, of 
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which the double-bladed saw (Luer*s rhachiotome) is perhaps 
the safest ^ at least for beginners. The single-bladed saw 
with rounded end is also ver>' useful and can be thoroughly 
recommended The operation can be done most quickly by 
biting off the spinous processes with the heavy bone-forceps 
and cutting through the laminae with chisel and hammer, 
but there is greater danger of injuring the cord. 

The numerous artifacts in the cord, reported as neuromata 
and heteroplasia even within very recent times by competent 
pathologists, would seem to indicate that the need of careful 
and delicate technique in the removal of the spinal cord is 
not yet fuHy appreciated. 

The lamina should be sawn nearly or entirely through in 
a line with the roots of the transverse processes from the 
third or fourth lumbar vertebra to the cervical region. The 
arches of the cervical v^ertebne are best divided with a heavy 
bone-cutter, because they cannot be easily sawn, and there 
is sufficient room here for the points of the bone-cutter with- 
out danger of their pressing on the cord. 

It is important to strike the outside limits of the spinal 
canal, so as to get as much room as possible for the removal 
of the cor A Test if the sawing be deep enough by the 
mobility of the spinous processes, Ff necessary, they can 
be freed by means of the hatchet-chisel and a hammer in 
the same way that the calvaria is loosened. 

As the cord reaches only to the second lumbar vertebra, 
cut through between the third and fourth, free with the 
heavy bone-cutter the lower end of the row of the spinous 
processes, which are held together by their ligaments, and 
strip them up to the neck; then cut through the cervical 
arches with the bone-cutter, taking care that the point 
with ill the canal does not come in contact with the cord. 

The nerve-roots are to be divided w^ith a sharp scalpel by 
means of a long cut on each side of tJie cord. Then cut 
across the dura and the ner\^e- roots at the lower end of the 
exposed canal, and» while holding the dura with forceps, 
carefully free the cord from below up with scissors or scalpel, 
taking care all the time not to pull or bend the cord, be- 
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cause in either way artifacts may be produced. Cut the cord 
squarely across as high in the cervical canal as possible, so 
that the remaining portion may be easily removed with the 
brain. 

Lay the the cord after removal on a flat surface and incise 
the dura longitudinally, first posteriorly and then in front. 
A series of cross-sections, usually i to 2 cm. apart, is made 
through the cord while supported on the fingers during the 
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cutting, SO that the cut surfaces shall fail apart. The dif- 
ferent segments should ordinarily be left attached to the 
dura, so that their position in the cord can easily be deter- 
mined. 

A diagnosis from the fresh, macroscopic appearances of 
the cord is often very difficult to make, according to the best 
authorities. 

The Eye- — The contents of the orbit, including the poste* 
rior part of the eye, can be readily examined by chiselling 
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off the roof of the orbit The posterior half of the eye can 
be removed by cutting around the eyeball with sharp scissors 
without changing the hold of the forceps on the sclera. If 
done quickly, the retina remains quite well spread out. The 
anterior half of the eyeball is to be propped in place by a 
plug of cotton dipped in ink or in a solution of perman- 
ganate of potassium. 

The Ear. — The middle ear can be exposed by chipping 
off with a chisel its roof, which lies tn the middle of the 
petrous portion of the temporal bone. The roof can also 
be ver^^ easily bitten off with the heavy bone-cutters. If, how- 
ever, it be desired to examine the ear more carefully by 
means of a section through the external meatus and the 
middle ear, it will be necessary to remove the whole of the 
petrous bone. For this purpose the incision behind the ear 
must be carried back along the anterior edge of the trapezius 
muscle halfway down the neck. Then the skin-flaps, in- 
cluding the external ear and the underlying tissues, must be 
dissected back for some distance on each side of the incis- 
ion. Two converging incisions are then to be sawn, the 
anterior passing through the root of the zygomatic arch, 
the posterior just back of the sigmoid sinus, so as to come 
together at the apex of the pyramid of the petrous bone, or, 
better still, to meet in the foramen magnum. An ordinary 
chisel and a hammer or mallet will be found very convenient 
for freeing the i^etrous bone after the incisions have been 
sawn. 

In the examination of the petrous bone after it has been 
removed the first step is to chisel off the tegmen tympani so 
as to get a view of the middle ear. Next remove the lower 
wall of the external meatus, so as to expose the outer sur- 
face of the membrana tympani. Finally divide the petrous 
bone with a fine hair-saw by an incision starting in at the 
styloid process and coming out at the carotid canal, parallel 
to the crest of the pyramid of tlie petrous bone. 

This incision divides the cavum t>^mpani into halves. In 
the lateral half can be seen the membrana tympani with the 
hammer and the anterior half of the mastoid cells. In the 
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median half are the labyrinthine wall of the cavum tymtkini 
with the stapes and the posterior half of the mastoid cells. 
It is best to remove the anvil before sawing through the 
bone. The Eustachian tube can be easily exposed by start- 
ing from its termination in the middle ear 

The Naso-pliaryiix,— Although a fair view of the nares 
and phar>'nx can be obtained by chiselling off the portion 
of the base of the skull lying over them, the method does 
not begin to offer the satisfactory view that can be obtained 
by the method of Harke/ a method which is not so difficuh 
as might at first sight seem, and which consists in halving the 
base of the skull by a longitudinal incision. To do this the 
original incision in the scalp must be extended on each side 
over the mastoid processes and along the anterior ^d^^t of 
the trapezius muscle to a point below the middle of the neck. 
Then the posterior flap and the imdcrlying muscles must be 
freed from the occipital bone and the upper portion of the 
cervical vertebra!. In like manner, the anterior flap must 
be dissected from over the root of the nose and the upper 
edge of the orbits, and be drawn down over the face. Then 
flex the head strongly forward and saw through the occipital 
bone and the base of the skull, dividing the occipital and 
frontal bones, the sella turcica, the cribriform plate, and the 
basilar process into equal halves. Anteriorly, it is well to 
go a little to the left or right, so as not to injure the nasal 
septum. 

The next step is to cut the pachymeninx and the appara- 
tus ligamentosis between the anterior edge of the foramen 
occipitale magnum and the processus odontoideus, as well 
•as the inner side of the atlanto-occipital joint from within. 
Then the two halves of the skull are to be draw^n forcibly 
apart. The nasal bones, the hard palate, and the alveolar 
process of the upper jaw break, and the two halves of the 
base of the skull open like a book, revolving around an axis 
which passes through the joint of the lower jaw and the 
atlan to-occipital joint 

If the foramen occipitale magnum offer too much resist- 

* Berliner klin. IFarA^uArifi, 1892, No. 30, 
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ance, break through it with a chisel, and also if necessary 
through the anterior and posterior arches of the atlas. 

It is now easily possible to inspect the sinus sphenoidaleSj 
the nasal septum, the frontal sinuses^ and the nasal passages. 
The antrum of Highmore is easily opened with forceps and 
a pair of bone-shears. 

After the operation the two halves of the base of the skull 
are brought together, and wired if necessary. When the 
skin-flaps have been replaced all evidence of the operation is 
covered up. 

Bxamination of New-bom and Very Young Chil- 
dren,—!. The head is preferably opened by the method given 
on page 52. 

2. According to Nauwerck, the spinal canal can be opened 
by dividing the vertebral arches with strong scissors, 

3- The umbilical cord, if present* and the umbilical arte- 
ries demand close attention in children who have lived a few 
days or weeks, for the purpose of determining if infection has 
taken place at that point. Nauwerck advises a modification 
of the primary long incision. A little above the umbilicus 
it should divide into two diverging incisions running to the 
pubes. In this way a triangular flap is left containing the 
umbilical arteries, while from the upper end is given off the 
umbilical vein. The vessels may be ligated or opened at 
any point that seems advisable. 

4, Anomalies of circulation should be looked for in all 
**blue babies," The closure or non-closure of the ductus 
Botalli (arteriosus) is best determined in situ by dissecting 
off the Uiymus and opening up the pulmonary vein in the 
middle of its anterior surface. The cut may be extended 
downward, if desired, through the pulmonary valve and the 
wall of the right ventricle. The duct lies in the median line 
of the pulmonarj*^ artery, a little above its division into its 
two main branches. A small probe can be passed through 
it into the aorta. The condition. of the foramen m^aie bc- 
tw*een the auricles is easily examined* 

For other anomalies of the circulation it will usually be 
found most satisfactory to remove the thoracic organs in 
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mass, so as to be able to open up the heart and the vessels 
given off from it before any of the vessels have been severed 
from their connections. 

5. In medico-legal cases especially it is important to de- 
termine whether or not a child has breathed. The main 
steps of the process are as follows : 

(ci) Position of the diaphragm before the chest is opened. 
When the lungs are fully distended it is at the fifth or sixth 
rib on the right and at the sixth rib on the left. When the 
lungs contain no air or are but partially distended the 
diaphragm reaches to the fourth rib. 

(p) Ligate the trachea above the sternum before opening 
the thorax. 

(c) After examining the heart, etc., divide the trachea above 
the ligature and remove the thoracic organs in one piece. 

(^) Dissect off the thymus gland and the heart, and place 
the lungs in a large dish of clear cold water to see if they 
will float or not. 

{e) Incise the lungs and notice if they crepitate ; squeeze 
the lung-tissue gently, and see if bubbles of air mingle with 
the blood on the surface, or squeeze the lung beneath water 
and observe if bubbles of air rise to the surface. Decompo- 
sition may give rise to gas in the lungs. 

(/) Divide the lungs into lobes, and then into small 
pieces, and determine if any of them will float. 

Tabic of the Weight and Length of the Fetus at each Month 
of Gestation (from v. Heckcr, cited by Nauwerck). 



Time in months. 


Weight. 


Leng 


2 


4gT. 


2.5-3 


3 


5-20 " 


7-9 


4 


120 *♦ 


10-17 


5 


284 " 


18-27 


6 


434 " 


28-34 


7 


1218 *• 


35-38 


8 


1549 " 


39-41 


9 


1971 " 


42-44 


10 


2334 " 


45-47 



6. The long bones should be incised, so as to expose the 
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epiphyseal line, which should be examined for evidences of 
congenital syphilis. The ends of the femur and tibia at the 
knee are usually chosen. For making the incision a fine 
hair-saw is preferable to a knife» because the latter often 
causes the bone to break apart at the epiphyseal line. 

The age of the fetus in months can be determined after 
the fifth month by dividing the length in cm, by 5, 

Wagfit of Organs in a New-barn ChUd. 

Btain, . jSogr, (Bistchoff), 

Thymus .*.,..,,. 14 " (FriedJeben)* 

Heart -,,..,.,,, ao.6 " (Thoitm), 

Lungs *,.*,*,.,, 58 " 

Spleen ,...,,*,.. 11. 1 " 

Kidiieys together . . * , * 33.6 " (Thoma). 

Testicles ....,..,, .8 " 

Liver ,.,.*..,., iiS " 

Restitution of the Body,— After an autopsy is finished 
it is necessar)' to put the body into such a condition that no 
evidence of the operation will be noticed except on careful 
inspection. All fluids should be removed from the cavities. 
Organs not required for further examination should be re- 
placed. The brain is placed in the body-cavity because it is 
usually impossible to restore it to the skull. The best mate- 
rial for filling up the cavities is fine sawdust It packs easily 
and smoothly, absorbs well, keeps the needle dry so that it 
does not slip, and does not interfere with sewing like oakum, 
which gets into the stitches. In private autopsies any make- 
shift, such as bran, newspapers, or cloth, must be employed. 
If the pelvic organs have been removed, stuff the pelvis 
tightly to prevent leakage. The cranium may be left empty, 
although it is usually better to pack a little sawdust or other 
material into the base of the skull and the upper part of the 
spinal canal to prevent leaking. Sometimes it is advisable to 
fill the cranial cavity with sand or sawdust wrapped tightly 
in a cloth, of which the edges are brought together and 
twisted so as to crowd the material into a compact mass. If 
the thoracic cavity is w*ell packed with sawdust, the sternum 
will stay perfectly in place without being sewed. 
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If part of the vertebral column has been removed, a stick 
or heavy iron rod should be run into the spinal canal above 
and belovv% so as to stiffen the body and hold it in position 
while it is filled about half full of plaster of Paris. After 
this has set there is little danger of the body losing its form. 

In sewing up the body-cavity » begin at the neck. Use a 
piece of twine a little over one and a half times the length 
of the incision. Take one stitch and fasten the end with a 
simple knot or with a surgeon's knot Turn the loose end 
in under the skin. Hold the attached end of the twine taut 
with the left hand about 8 to lo cm. from the line of incis- 
ion. The needle is then passed from within outward through 
the edge of the flap and in a diagonal line from below up- 
ward. The stitches should be from I to 2 cm, apart, and 
about the same distance from the edge of the flap. The ob- 
ject of keeping the end of the twine taut is to keep the 
sutures tight and the edges of the flaps up so that the needle 
can be thrust in easily. 

Arrived at the lower end of the incision, take two button- 
hole stitches and draw them tight. Then take a long stitch 
off to one side and cut the twine close to the skin, so as to 
bur>' the end of it deeply and securely. 

If in removing the calvarium the precaution is taken to 
crack at least a part of the inner table with the chisel and 
hammer, projecting pieces of bone are usually left which 
interlock and hold the calvarium snugly in position when 
it is replaced. It is further fastened by sutures on each side 
through the fascia of the temporal muscle. It is always 
more difilicult to sew up the incision in the scalp than the 
one in the body, especially when the hair is long. Care 
should be taken to bury the ends of the suture securely. 

The skuH of a child is so thin that it is usually best to 
wire the calvarium in place or fasten it by means of double 
tacks, other^'ise it may slip out of place after the scalp has 
been sewed up, 

Slee's ingenious method deserves mention. The usual 
saw-cuts in the skull over the ear are allowed to cross each 
other^ so that slits about an inch long are formed in the tern- 
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poral bone. An ordinary roller bandage is stretched across 
the skull and crowded edgewise into the slits. Then the cal- 
varia is replaced and the ends of the bandage are tightly 
overlapped over the vertex and secured by pins. 
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I. CULTURE-MEDIA. 



Culture-media consist of various nutritive substances, 
either liquid or solid, in or upon which bacteria will grow 
and multiply, and are, as a rule, contained in test-tubes ready 
for use. 

The nutritive material in these test-tubes must be free from 
living bacteria — /. c. "sterile" — and must be kept so until 
used. This is accomplished by inserting a stopper of raw 
cotton into the mouth of each test-tube to exclude the en- 
trance of bacteria from without, and then subjecting the 
tubes and their contents to the sterilizing action of live 
steam for the purpose of killing any bacteria which may 
have gained access to the medium during its preparation. 

The Preparation of Test-tubesJ— iViw test-tubes 
should be washed in a very dilute solution of nitric acid 
(2-5 c.c. of the commercial nitric acid to the liter of water), 
then thoroughly rinsed in water and allowed to drain until 
dry or nearly so. The object of the use of the nitric acid is 
to remove any free alkali which may be present in the new 
tubes. 

Old test-tubes containing culture-media, after removal 
of the cotton stoppers, should be boiled for from half an 
hour to one hour in a solution of common soda (4-6 per 
cent.). This treatment not only destroys bacteria, but it also 
loosens and liquefies the material in the tubes, so that it may 
be easily removed with the aid of a test-tube brush and 
plenty of water. 

* Tcst-tul)es of the size known as 6 /- ^^' in. arc recommended. 
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When all the material has been removed from the test- 
tubes in this way, they are to be rinsed in clean water, then 
in the dilute nitric acid of the strength above indicated for 
the new test-tubes, and finally again rinsed in clean water, 
after which they are to be allowed to drain until dry or 
nearly so. 

The test-tubes thus prepared are next to be provided with 
stoppers of raw cotton (not absorbent cotton), which are to be 
inserted into the mouths of the tubes for a distance of about 
3 cm., and should fit the walls of the tubes smoothly. The 
stoppers should not be packed in nor fit too tightly, but be 
just firm enough in position to easily sustain the weight of 
the tube when it is lifted by the projecting portion of the 
cotton. 

The stoppered tubes are then to be packed into a square 
wire basket which fits into the hot-air sterilizer,* and heated 
in this, with the door closed, until the temperature reaches 
about 150° C* The object of this heating is not to sterilize 
the tubes and cotton stoppers, but to mould the stoppers to 
the shape of the test-tubes, so that they can readily be re- 
placed when removed in the subsequent filling of the tube 
%vith nutritive material. In packing the tubes into the square 
wire basket as many as possible should be placed with the 
cotton stopper uppermost, and the remainder of the space in 
the basket above the tubes may be filled with tubes placed 
on their sides, 

PREPARATION OF CULTURE* MEDIA. 

Bouillon. — Formula for lOOO ex, : 

Lean beef, 500 grams ; 

Or extract of beef, 3 

Pepton, 10 

Sodium chlorid, 5 '' 

Water, 1 000 c,c, 

500 grams, or about 1} pounds, of lean beef, finely minced, 
are thoroughly mixed with 1000 c,c, of ordinary tap-water 

( Sec tiny dealer's caljJogue of bactenologic&l ftppaiatus. 
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and the mixture is then boiled in a saucepan over the gas 
stove* for about half an hour. It is next filtered through 
filter-paper to obtain the clear infusion of the beef, free from 
the coagulated albumin and shreds of tissue. This clear 
beef-infusion is then turned back into the saucepan, which 
should be clean, ^nA to it are added lo grams of pepton 
(Witte), 5 grams of sodium chlorid, and sufficient water to 
make the total volume of the mixture looo c.c. The volume 
of Jooo ex. may be indicated with sufficient accuracy by a 
mark previously made on the inner surface of the side of the 
saucepan. The mixture is next to be boiled until all these 
substances are dissolved, stirring frequently with a glass rod, 
and is then to be neutralized, for it has a decidedly acid 
reaction from the acid of the meat. 

The neutralization is important and requires care (see also 
p, 83), TJie reaction required is that of a very faint alka- 
linity^ as is shown by the production of a blue color on Ted 
litmus paper, while no change is produced on the blue 
litmus paper In neutralizing, a 10 per cent solution of 
caustic soda is added, a few c.c. at a time at first, and later, 
two or three drops at a time, while the mixture is kept boil- 
ing, the reaction being tested between each addition of alkali 
after thorough stirring with a glass rod. 

The test of the reaction is best made by placing a drop of 
the mixture on a piece of litmus-paper by means of the 
glass rod and then moistening the paper at the water- faucet 
In this way the best judgment can be formed of changes in 
the color of the paper. If the mixture becomes too alkaline^ 
dilute hydrochloric acid is to be added to correct this. 

When the proper reaction has been obtained the mixture 
is to be filtered through filter-paper into a flask, and suf- 
ficient water added to bring the volume of the filtrate up to 
looo c.c, thus replacing the loss by evaporation. The fil- 
trate in the flask is now bouiihn. If the bouillon be heated 
to the boiling*point, it will usually become more or less 

> In the preparanou of culture medin sotile fonn of gas stove is preferable to 
ft B tinmen burner. 
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clouded by a precipitate of phosphates. As a rule, subse- 
quent heatings do not cause any further precipitations. 
Therefore it is advisable, if it is desired to obtain perfectly 
clear bouillon, to steam the flask containing the freshly pre- 
pared bouillon in the steam sterilizer for about half an hour, 
and then, if the bouillon be clouded, to again filter, so that 
the subsequent sterilizations in the test-tubes will not cause 
precipitates. 

The finely minced beef may be obtained in the shops 
under the name of Hamburg steak, or it may be very readily 
prepared with the aid of a meat-grinder 

The usual directions for the preparation of bouillon require 
that the mixture of the minced meat and water be allowed 
to stand over night in a cool place before boiling. In our 
experience this is not necessary. 

For bouillon cultures the bouillon is run into test-tubes, 
each tube being filled to a depth of about 4 cm., and steril- 
ized immediately and on the two following days, according 
to the general directions given on page Sj, after w hich it is 
ready for use. 

Bouillon may also be made as above indicated by using 
three grams of Liebig's extract of beef to the liter, instead 
of the beef-infusion. 

Glucose Bouillon. — Formula : 



Glucose (dry). 


10 grams ; 


Lean beef. 


500 ** 


Or extract of beef, 


3 " 


Pepton, 


to " 


Sodium chlorid. 


S " 


Water. 


1000 ex. 



This medium is identical with the preceding, except that it 
contains 10 grams of glucose to the liter (1 per cent.) in ad- 
dition to the other ingredients. The preparation of glucose 
bouillon is the same as that of plain bouillon, the glucose 
being added with the pepton and sodium chlorid. 



74 PATHOLOGICAL TECBmQUB. 

Agar-agar (plain). — Formula for looo ex,: 



Agar-agar, 


15 grams; 


Lean beef, 


500 " 


Or extract of beef, 


3 " 


Pepton, 


10 " 


Sodium chlorid, 


5 " 


Water, 


1000 C.C. 



Agar-agar is essentially bouillon in which agar-agar 'has 
been dissolved so that a transparent jelly is formed The 
function of the agar-agar is merely to give the medium the 
property of becoming liquid when heated and solid when 
cool ; it is not nutritive. The nutritive substances are in the 
bouillon. 

To make one liter, 15 grams of agar-agar are placed in 
the clear beef-infusion, made as described on p. 71 and 
boiled for one hour in a saucepan/ The agar*agar dissolves 
slowly, and coutinuous boiling is necessary to ensure its 
subsequent filtration. Before boiling, about 200 c.c. of water 
should be added to compensate for evaporation, and later, as 
the level of the liquid falls, more water should be added 
from time to time. It is well to have some mark on the side 
of the saucepan which will indicate the level of a liter. 
When the boiling is nearly finished, 10 grams of pepton, g 
grams of sodium chlorid, and sufficient water to make a 
volume of one liter are added to the mixture. The mixture 
is then neutralized, as described for bouillon, while still boiling. 

After the boiling is completed the saucepan is to be placed 
in cold water until the temperature of its contents falls 
to about 60*^ C, as shown by the thermometer, the cooling 

' If an autoclave (see p* 88) be avuilable, it may be used very conveoiently 
in hastening the solution of agar-ctger in the meat -in fusion, For ibifi purpose 
the mixture of finely fragmented agar-agiir and the beef-infusion should be 
placed in a Florence flask. When the tem|>erature of the interior of the auto* 
clftve has reached about izo** C. or when the gauge shows a pressure of 
two atmospheres* the heat should be Turned off and the appar^Mus allowed to 
eool to about 100° C. before opening. The mixture is then transferred to a 
SAUGcpan and the preparation proceeded with as above indicated. 
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being facilitated by stirring with a glass rod. When this 
temperature is reached, an egg is beaten into the mass and 
the saucepan with its contents replaced on the stove, where 
it is slowly brought to boiling and boiled for about ten min- 
utes. The object of the adding of the ^^^ is to clarify the 
medium. It is then filtered, boiling hot, through wet folded 
filter-paper into a flask. A funnel with corrugations on its 
sides is best to yse. With this the folding of the filter- paper 
is not necessary. 

In order to save time^ it is best to use two filters and two 
flasks at once, for the filtration rapidly becomes slow as the 
mass cools, and several heatings of the residue on the filter 
are necessary. As soon as the fil- 
trate begins to appear slowly, drop 
by drop, the mass remaining on 
the filter should be turned back 
into the saucepan — %^'hich can best 
be done by making a hole in the 
bottom of the filter with the glass 
rod — and brought again to boiling. 
While boiUng hot it is again poured 
on a fresh filter. This preparation 
of fresh filters and reheating may 
have t0 be repeated several times 
before all of the mixture is filtered. 
The filtration may also be carried 
on in the steam sterilizer to pre* 
vent the cooling of the medium. 

When the amount of coagulated 
egg-albumin and medium remain- 
ing on the filter does not exceed a 
volume of 50-100 c.Cp the filtra- 
tion may be considered complete* 
To the filtrate, which is now agar- 
agar, is next added sufficient water 
to make up the loss by ev^aporation, 
and the medium is then to be run 
into test-tubes and sterilized, as described on page S7. 




Fig. 



13.— **Stab ' cuUure \a)\ 
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In view of the difficulty of filtering agar-agar, it has been 
proposed to avoid this operation by placing the fluid medium 
in a sedimenting vessel, such as a large funnel, with closed 
apex. The solid particles settle to the bottom if the medium 
be maintained in a fluid condition in the steam sterilizer for 
a certain length of time. When the medium has become 
solid it is turned out of the vessel as a cast, and the bottom 
portions, containing the sediment, cut oflffrom it and rejected. 
The remaining portion will be found clear enough for most 
purposes and may be melted up at once for distribution in 
, tubes, or if it now be desirable to further clarify it. it may be 
melted up and filtered as described above. It will be found 
to filter more readily than before. 

Precipitates of phosphates in tlie medium frequently occur 
after the first sterilization, but if these be removed they do 
not usually appear again in subsequent heatings* Therefore^ 
if it be desirable to obtain a very clear agar-agar, it is well to 
place the flask containing the frcshly-prepared medium in 
the steam sterilizer for half an hour, and then filter again to 
remove any precipitate which may have appeared* The 
subsequent sterilization in the test-tubes will then cause no 
precipitation. 

In filling the test-tubes it is customar^^ to fill some tubes 
to a depth of about 3 cm. and others to a depth of about 5 
cm. After the complete sterilization of the medium in the 
tubes as described on page %j, the first- mentioned tubes are 
placed on their sides with their mouths slightly elevated 
while the medium is still fluid, so as to form, after solidification, 
a slanting surface extending from near the bottom of one 
side of the tube to about half the length of the tube on the 
opposite side. The solidification of the agar-agar takes place 
in a short time, and as soon as it occurs the tubes are ready 
for use, this form of culture being known as a " slant" tube 
or culture (Fig. 12, b\ It is well, however, to allow the 
tubes to remain in their slanting position for a day or two to 
permit the medium to become more or less adherent to the 
walls of the tube, and thus avoid its tendency' to slide down- 
ward when the tubes are placed in the upright position. 
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The tubes filled to a depth of 5 cm. are to be allowed to 
cool and solid fy while in an upright position, and the form 
of culture-tube thus obtained is called a **stab" culture (Fig. 
I2p a), because the medium in the tube is inoculated for cul- 
ture purposes by inserting an infected platinum wire into its 
depths. 

Glucose Agar-agar. — Formula for 1000 ex.: 



Glucose (dry), 


ic grams; 


Agar-agar, 


1; 


Lean beef, 


SOO " 


Or extract of beef. 


3 •' 


Pepton, 


10 *' 


Sodium chlorid. 


5 *' 


Water, 


1000 ex. 



This medium differs from plain agar-agar only in the addi- 
tion of 10 grams (1 per cent.) of glucose. The glucose 
should be obtained in the form of solid masses, not as a thick 
fluid, and it is to be added with the pepton and sodium 
chlorid. In short, glucose agar-agar is made with glucose 
bouillon in identically the same manner that plain agar-agar 
is made with plain bouillon. 

Laifosf'iiimus agar-agar consists of plain agar-agar to which 
has been added 2 or 3 per cent, of lactose and sufficient litmus 
tincture to give it a pale- blue colon 

Olyoerin Ag^ar-agar. — Formula for 1000 c,c: 



Glycerin, c, p,, 


60 ex. ; 


Agar-agar, 


15 '' 


Lean bcef» 


500 grams ; 


Or extract of beef, 


3 " 


Pepton, 


10 " 


Sodium chlorid, 


5 " 


Water, 


1000 ex. 



This medium is prepared by adding to plain agar-agar after 
its final filtration, and before running it into the test-tubes, 60 
ex* (6 per cent.) of glycerin c* p., and mixing thoroughly. 
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Gelatin (plain). — Formula for iO(X> c.c. : 

Gelatin, lOO grams ; 

Lean beef, 500 " 

Or extract of beef, 3 " 

Pepton, 10 " 

Sodium chlorid, 5 " 

Water, I OCX) c.c. 

Gelatin is essentially bouillon in which gelatin has been 
dissolved, so that a transparent jelly is produced which is 
solid at ordinary temperatures and fluid when slightly 
warmed. To prepare one liter, 100 grams (10 per cent.) 
of golden seal French gelatin are dissolved in a liter of the 
hot bouillon which has been heated to boiling in a saucepan. 
When the gelatin is thoroughly dissolved the mixture is 
boiled for about five minutes, and the marked acidity of the 
gelatin then carefully neutralized by the addition of caustic 
soda, in 10 per cent, solution, to a very faint alkalinity, as 
has been described in the preparation of bouillon. As in 
the case of agar-agar, the mass is then cooled to 60° C, an 
^^'g beaten into it, then gently heated again to boiling, and 
boiled about ten minutes, when it is to be filtered through a 
wet folded filter into a flask. Gelatin usually filters fairly 
rapidly, but time may be saved by using two filters at once. 
When filtered it is to be run into test-tubes and sterilized, 
as described on page Zj. It is used both in the form of 
" slant " and " stab '* cultures, as in the case of agar-agar 
(sec page 76). 

In the preparation of this medium it is important to sub- 
ject it as little as possible to the boiling temperature, for 
prolonged exposure to this destroys its power of solidifying. 
Therefore in sterilizing, gelatin tubes should never be allowed 
to remain exposed to live steam longer than twenty minutes. 
It is also important to apply the heat slowly during the pro- 
cess of heating after the addition of the ^gg above mentioned, 
in order to avoid " burning." 
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Qlucoee Gelatin. — Formula for looo c,c: 



n 



Glucose, 


lo grams; 


Gelatin, 


lOO " 


Lean beef, 


500 *' 


Or extract of beef, 


3 " 


Pepton* 


10 " 


Sodium chlorid, 


5 *' 


Water, 


1000 ccm. 



This medium is essentially gelatin dissolved in glucose 
bouillon (see page 73), and is prepared in the same manner 
as the plain gelatin, except that glucose bouillon is used in- 
stead of plain bouillon. 

BLood-serum (Loffler's Mixtare). — Formula: 

Glucose bouillon (see page J'^^ l part ; 
Beef blood-serum, 3 parts. 

This culture-medium consists of a. mixture of the blood- 
serum of the bullock and glucose bouillon, which is run 
into test-tubes and coagulated by heat in such a way as to 
form a slanting surface for culture puiposes — u i\ it is used 
in tliL* form of "slants." 

The blood-scrum is collected at the slaughter-house in 
tall glass jars of the capacity of a gallon or more. These 
jars should be thoroughly clean» but sterilization is not 
necessary. 

The blood which is obtained by the Jewish method of 
slaughter — viz. by severing the carotid arter^^ — ^is the best for 
the purpose, because it clots more readily. As the blood 
runs from the vessels of the animal it is received in the glass 
jar, and immediately placed in a cool place for twenty-four 
to forty-eight hours to allow it to clot and the serum to 
separate. All unnecessary agitation of the fresh blood 
should be avoided, as this interferes with its proper clotting. 
It is well to inspect the blood after a few hours, and gently 
loosen with a clean glass rod any adhesions which the clot 
may have formed to the wall of the jar, thus allowing the 
dot to more readily contract and squeeze out the serum 
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from its meshes. After about twenty-four hours the serum 
is removed by the aid of a clean pipette and brought to the 
laboratory. If the clot is in good condition, more serum will 
appear after another tw^enty-four hours, and if necessary this 
also may be used. 

The presence of red blood-corpuscles in the serum is of 
little importance. Three parts of the beef blood-serum thus 
obtained are to be thoroughly mixed with o^te pari of glucose 
bouillon {vide supra), convenient quantities being 900 c.c. of 
diaod-semm and 300 ex. of glucose bouiUon. 

This mixture is then run into test-tubes as described on 
page 85. The quantity run into each test-tube should be 
sufficient to fill it to a depth of about 3-4 cm. The tubes 
containing the requisite amount of the mixture are next 
subjected to the action of heat while in a slanting posi- 
tion, so that the mixture in the tubes may become solid 
or coagulated, and so offer a smooth slanting surface for 
culture purposes extending from a point near the bot- 
tom of the tube to about halfway up the opposite side or 
higher* 

The coagulation is effected either in the hot-air sterilizer 
by packing the tubes on their sides, the proper slant being 
secured by means of strips of cardboard placed between the 
layers of tubes, or better, in the blood-scrum coagulator 
which may be obtained from dealers in bacteriobgtcal 
apparatus. 

If the hot-air sterili;£er is employed, the temperature should 
not exceed 90*^ C. nor fall below 85^ C, and the door should 
be kept closed. It is optional whether the sterilizer be 
packed full of tubes or only a few layers of tubes be coagu- 
lated at a time, with careful watching to avoid overheating. 
Ii> the former case two or three hours will be required to 
firmly coagulate the tubes in the middle layers, white the 
lower layers may be overheated. To avoid this overheating 
of the lower layers, a false bottom or one or two layers of 
empty tubes may be employed. 

The blood-serum coagulator is much more convenient 
and gives much more satisfactory results. The temperature 
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of the interior should be kept at about 95^ C To save 
time in heating, the apparatus may be filled with hot water 
from the hot-water faucet. 

Whichever apparatus is employed for coagulation, it is of 
the utmost importance that the coagulation of the mixture 
be a thorough one, and that the medium in the tubes becomes 
firm and solid, othenvise bubbles and cavities will form m it 
and destroy its smooth surface when it is subjected to the 
subsequent steam sterilization. When the tubes are firmly 
coagulated they are to be packed with the cotton stopper 
uppermost tn a round wire basket and sterih'zed by steam 
three times, as indicated on page 87, after which they are 
ready for use. 

This method of preparing blood-serum tubes is very 
different from the one usually described, a most tedious 
and time*consuming procedure, requiring a high degree 
of technical skill, by which it is practically impossible 
to make use of blood-serum tubes for ordinary' pur- 
poses. 

With the method here detailed we think that the best cul- 
ture-medium for the routine examination of pathological 
material is obtained It ts preferred by us for various 
reasons, chief of which arc as follows: 

First, the ease and facility with which it can be prepared, 
especially when a proper coagulating apparatus is available. 

Secondly, the greater and more rapid growth of certain 
important pathogenic bacteria upon it than upon ordinary 
media. 

In the method usually described the serum (which should be 
clear or free from blood corpuscles) is obtained under alt aseptic 
precautions, is care fully mixed with sterile glucose bouillon in the 
proportions given above^ nnd the mixture then run into sterile 
test-tubes. During all the manipulations precautions are neces- 
sary to avoid contamination, the serum never being allowed to 
come in contact with any object which is not sterile, and exposure 
to the air during the processes of transference from one vessel to 
another avoided as much as possible. 

The mixture now being in test-tubes, it is subjected for o!je 
hour on each of five successive days to a temperature of 68*^ to 
70^ C. in a chamticr provided with a water-jacket. This tern- 
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perature is sufficient to kill the vegetative forms of any bacteria 
which may be in it, but does not coagulate the medium. The 
intervals between the sterilisations are for the purpose of allowing 
any spores to develop into the vegetative form and thus become 
susceptible to the destructive action of heat. 

After the fifth stenhzation the medium is solidified in the tubes 
in the form of '" slants** by slowly raising the temperature of the 
chamber to abont 80"^ C\, and keeping the tubes at this tempera- 
ture tor several hours. In solidifying the great object is to obtain 
a gelatin -like, fairly transparent medium and to prevent opacity. 
To attain this it is necessary to proceed very carefully with the 
healing and avoid overheating or too rapid heating, the tubes 
being inspected from time to time and removed from the chamber 
as soon as their contents have the proper consistency- When 
gelatinized the tubes are placed in the incubator for twenty -four 
hours to determine whether they are stenle> after which they are 
ready for ijse. 

The blood -serum medium produced by this older method is 
especially suited for the cultivation of certain |>athogenic bacteria 
^for instance, the bacillus tuberculosis and the bacillus diphtheriae 
— but we do not think that its sufieriority in this resj>ect over the 
more readily prepared, firmly coagulated form above descril>ed is 
sufficiently marked to compensate for the great difficulties in its 
preparation. 

Litmus-milk is a form of culture-medium used for deter* 
mining certain of the physiological properties of bacteria. It 
consists of cow's milk which has been colored blue by litmus 
and containing a minimum amount of cream. A pint or so 
of strictly fresh milk is placed in a flask and steamed in the 
steam sterilizer for about half an hour. When it is removed 
it will be found that most of the cream has collected at the 
surface, and it is then easy to draw nff the milk from the 
deeper layers with a pipette into a separate flask. To the 
milk from which most of the cream has been thus removed 
is added sufficient of an aqueous solution of litmus (freshly 
filtered) to give it a pale-blue colon The colored milk is 
then run into test-tubes (5 cm. deep in each tube) and ster- 
ilized, as indicated on page %j, after which it is ready for 
use. It is of great importance that the milk be fresh. If 
it is not, it may contain spore-bearing bacilli which it is 
practically impossible to kill by the steam sterilization. 

Potato-cultures according to Bolton. — Potatoes — ^pref- 
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Pepton, 

Sodium chlorid* 
Distilled water» 



10 grams; 

5 '* 
1000 ex. 



erably old ones — are first washed to remove all the coarser 
particles of soil, and then solid cylinders are cut out of tlieai 
with a cork-borer or apple-coren These cylinders should 
be of a suitable diameter to fit into the test- 
tubes used for other culture-media, and should 
be about 5 cm, long. They are then cut 
longitudinally in an oblique direction with a 
sharp knife, so that a smooth slanting sur- 
face is produced, beginning near one end 
and extending diagonally to the other end 
The pieces of potato thus prepared are next 
to be washed in running water over night. 
After washing, each piece is placed in a test- 
tube, the larger end resting on the bottom 
of the tube, a few drops of water being added 
to prevent drying, and then sterilized as in- 
dicated on page 87. If desired, a small piece 
of glass rod may be placed in the bottom of 
the tube to elevate the potato above the few 
drops of water (Fig. 13). 

Dunhams Pepton Solution. — Formula 
for 1000 ex.: 





Fia 13— potKto- 

The pepton and sodium chlorid are dissolved 
by boiling and the mixture filtered. The clear filtrate is 
then run into test-tubes, each test-tube being filled to a 
depth of 5 cm., and is to be sterilized as indicated on page 
87, after which it is ready for use. 

The Adjustment of the Reactioii of Culttire-media 
by Titration.— Because comparatively small variations in 
the reaction of culture-media may have a marked effect upon 
the morphology and mode of growth of bacteria grown 
upon them, a more exact adjustment of their reaction than 
is possible with litmus paper i% desirable* This is especially 
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important for media used for the cultivation of the bacteria 
of water, of soil, and of the air. For ordinary purposes of 
cultivation of bacteria, especially of the pathogenic forms, 
the adjustment of the reaction with litmus paper, as else* 
where described, if carefully done, will be found to be suf- 
ficient 

The more exact method of adjusting a reaction is one of 
titration with phenol phthalein as an indicator. The method 
is as follows: When the culture-medium, whether it be 
bouillon, agar*agar, or gelatin, has been neutralized with the 
aid of litmus paper, made up to the proper volume, and 
when it is all ready for filtering, as described elsewhere, S ex. 
of it are transferred by means of a pipette to a 6-inch por- 
celain evaporating dish ; to this 45 ex. of distilled water are 
added, and the 50 ex. of fluid are boiled for three minutes over 
a flame to expel any carbon dioxid which may be present 

Next, I ex. of a 0,5 per cent, solution of phenolphthalein in 
50 per cent alcohol is added to the mixture in the dish, and 
immediately after this enough of a iwcndctk fwrmni solution 
of sodium hydroxid is cautiously run into the dish, from a 
burette, to produce a pink color in the mixture. The judg- 
ment of the proper color which indicates that sufficient 
alkali has been run in requires some practice. The color to 
be obtained is a bright pink. The appearance of the proper 
pink color is preceded by a pinkish darkening of the fluid 
wliich may deceive the inexperienced. 

The quantity^ of the twentieth normal sodium hydroxid 
solution required to effect this result is then read off from 
the burette. The number of cubic centimeters required 
denotes the percentage by volume of a normal solution of 
sodium hydroxid which would be required to make the total 
volume of culture-medium neutral to phenolphthalein. That 
this is so will be apparent after a simple calculation. 

The reaction recommended by the Bacteriological Com- 
mittee of the American Public Health Association as a 
standard to which culture-media should be adjusted is such 
that 1,5 per cent of a mwmai solution of sodium hydroxid 
would be required to be added to the medium to make it 
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neutral to phenolphthalein. This reaction corresponds 
closely to a faint alkalinity toward litmus, for the neutral 
point of pheiiolphthaleiu is not identical with that of litmus. 
The adjustment of the reaction to this standard is effected by 
adding to the bulk of the culture-medium sufficient norma! 
sodium hydroxid solution or normal hydrochloric acid solu- 
tion. 

For example: If the titration shows that 5 ex. of the 
medium requires 1,9 ex. of the twentieth normal solution of 
sodium hydroxid to make it neutral to phenolphthalein.then 
the total mass of the medium will require the addition of 
1.9 per cent,, or 19 ex, for a liter, of a normal solution of 
sodium hydroxid to make it neutral ; but the reaction re- 
quired is such that i.5 per cent, of a normal solution of 
sodium hydroxid should be required to make it neutral. 
Therefore, 0.4 per cent, or 4 ex, for a liter, of a normal 
solution of sodium hydroxid should be added to the main 
mass of the medium. 

When the calculated amount of normal solution has been 
thoroughly mixed with the medium and the latter boiled for 
a few minutes, the titration should be repeated as above 
described. If the desired reaction is not found to be present, 
then further adjustment by addition of the calculated amount 
of normal acid or alkali solution should be made. It is not 
to be expected that the first addition to the medium of the 
calculated amount of normal solution will give exactly the 
required reaction in every case. This is due to unknown 
side reactions which take place in the culture-media. 

When the reaction has been sufficiently adjusted, the 
medium is to be filtered and is then ready to be distributed 
in test-tubes. 

The methods of making the normal and twentieth normal 
solutions required may be found in standard works on chem- 
istr>\ If one has not some knowledge of chemistr}% he 
would better have the solutions made by a chemist. 

The filling: of the test-tubes with the fluid culty re- 
media described in this section is best effected by means of 
a funnel of a capacity of about a liter. In this the fluid me- 
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dium is placed, and by means of a pinch-cock the requisite 
quantity of medium is run into each test-tube. In running 
the medium into the test-tube-s the left hand holds the test- 
tube while the right hand removes the cotton stopper and 
manipulates the pinch-cock (Fig. 14), Care should be exer- 
cised not to allow any of the medium to come in contact with 
the neck of the test-tube, for it will make the cotton stopper 



Fig. 14, — Method of filling test-tubes with euUure-meilmm (Warren)* 

Stick to the walls of the tube. To avoid this, the delivery* 
tube of the apparatus should be inserted some distance into 
the test-tube in filling. 

The quantiiy of culture-medium run into each test-tube 
varies according to the form of culture desired and the cha- 
racter of the medium. In the case of liquid media and solid 
media designed to be used in the form of* stab ** cultures the 
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tubes should be filled to a depth of 5 cm. For " slant " cul- 
tures of solid media a depth of abf>ut 3 cm, is suflFicierit, or 
enough to give a slanting surface from the bottom of the 
tube to about halfivay up the opposite side. 

Small Ehrknmiytr flasks are sometimes used for bouillon 
cultures. The-se are of about 100 ex. capacJt>^ and are filled 
to a depth of about i cm, with the medium. The necks are 
provided with cotton stoppers, and the whole sterilized and 
treated as test-tube cultures. 



STERILIZATION OF CULTURE-HEDIA, 

In general, the sterilisation of culture-media i.s effected by- 
allowing them to remain exposed to the action of live steam 
in the steam sterilizer for twenty to forty-five minutes on 
three successive days. The period of exposure to Hve steam 
varies somewhat with the kind of culture-medium, A single 
exposure for the time mentioned is suflficient to destroy all 
bacteria present in what is called the vegetative or non-re- 
sistant form, but it w\\\ not kill spora, which represent a 
stage in the !ifc-hi*;tory of certain bacteria, in which form the 
organism is highly resistant to sterilizing agents* 

Under favorable conditions, such as are to be found in 
culture-media at ordinarj^ room-temperature, these spores 
develop into the vegetative or non-resistant form, which 
are easily destroyed by heat. Therefore, in order that 
the culture- medium be made sterile, it is necessary that it be 
again subjected to the action of steam on the following day 
for the same length of time, when the vegetative forms of 
the few surviving spores will have developed, and will be 
capable of destruction by ordinary exposure to live steam. 

As a further precaution a third similar sterilization on the 
next day is necessar>\ Therefore, three steam sterilizations^ of 
from twenty minutes to one hour each, on successive days, are 
required to keep culture-media sterile for an indefinite period.* 

* As hoi Iteeo f¥)inieiJ c»ul by TbeoJii&ld Smith, tbift ibttmuUent sierihtflUctEi 
it tOQ/^ C, may riot b« sulBctcnt iii kkhc Cftjifr^ to kill aII Ihe sporr^, 
beenuw the cootlition iji tbe medm may not be fAvoirable for thtit development 
into vegetative formi, between itcriUral ions. Thi« «erm& to be eapectally true 
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A freshly prepared culture- medium must be sterilized cm 

the same day that it is prepared, or by the next day it may 
be found to contain living bacteria, especially if kept over 
night in a warm room. 

For the purpose of sterilization the test-tubes containing 
the media are to be placed in a round wire basket which fits 
into the steam sterilizer,^ thus facilitating the handling of the 
tubes and also keeping them upright. 

If the medium be in a flask ready for running into test- 
tubes, and if it be not convenient to do this the same day, 
the medium may be preser\^ed as long as desired by insert- 
ing a cotton stopper into the mouth of the flask and tlien 
sterilizing as above indicated. 

The time of each steriiizati&n for bouillon, agar-agar, 
blood-serum, etc- may be fixed at half an hour ; for potato- 
culture tubes and for litmus-milk, forty-five minutes. 

In the case of gelatin, however, the time of exposure to 
live steam should be shorter, owing to the danger of destroy- 
ing the solidifying power of the medium by too much heat- 
ing. Twenty minutes* exposure is sufficient 

Large quantities of culture*media contained in flasks 
should be sterilized for forty- five minutes to an hour, for 
obvious reasons. 

The sterilization of culture-media ma)' also be effected in 
an autoclave. This is a steam-tight chamber for steriHzing 
by steam under pressure. Various forms of this apparatus 
are on the market. The great advantage of the use of this 
apparatus is that a single sterilization is sufficient. Exposure 
of culture-media in tubes, of glassware, and of other apparatus. 
in it to a temperature of 1 10^ C, (6 lbs, pressure) for fifteen 
minutes suffices for sterilization in most cases. For the 

of ccrtnln anaerobic: spore -producing bsiciUi. Such spores may he ibe source of 
conlflitii lift lion of llie culture -medium wben it is placed undt-r anaerotni: condi- 
tion Si or when the medmm ia used for ana&robic cull u res. Lie cause strictly ana- 
erobic liacteria may grow in company with ulher bacteria under aerf>lic con- 
ditions. Therefore, in those cases in which it i^ important to be certain of the 
■boolute sterility of the cuhure-medium, ^JtcrilizaUon in the aulockve {q. w) is 
DecesMtry. 

1 The '* Arnold Steam SteriUzer '* No, 5 is recommended. 
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Sterilization of culture-media in bulk, about thirty minutes at 
this temperature is necessary. 

In using the autoclave it is requisite that the confined air 
be replaced by superheated steam. To insure this, the time 
of steriHzation should be reckoned only from the time when 
the theoretical temperature, as registered by the pressure- 
gauge, corresponds with that recorded by the thermometer.' 

The Storage of CultTire-media.^In order to prevent 
evaporation and the invasion of moulds, the cotton stopper 
should be cut off close to the mouth of the tube or flask, the 
surface of the stopper well singed with a flame, and the 
mouth of the tube or flask tightly closed with a cork. 

Immediately before insertion, the portion of the cork that 
enters the tube or neck of the flask should be charred in a 
flame. If thought desirable, the cork may be sealed with 
paraffin. 



II. BACTeRIOLOQICAL EXAMINATIONS, 

The bacteriological examination of material obtained from 
tlie individual during life or at autopsit*s should determine 
whether bacteria are present or not, and if present their 
species and comparative number. At autopsies the exam- 
ination should also determine the extent of the distribution 
of any infecting bacteria throughout the principal internal 
organs. 

This is accomplished chiefly by means of two methods of 
examination— *viz., the direct examination with the microscope 
of cover-glass preparations, and the results of cultures made 
from the tissues. Both of these methods should be em* 
ployed together, but the culture method is perhaps the most 
important A third but less frequent method is the inocula- 
tion of animals with pieces of tissue or material taken from 
the body. 

Methods of Collecting Material. — In the bacterio- 
logical examination of pathological material obtained from 
the individual during life, it is of obvious importance that the 

^ Bieiaii>)<^igicftl Commkicc Report^ yi^ur. Amtr. Ptti^. Hraitk Ajipr.f }ikti.f 
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material be protected from the invasion of bacteria from 
without, and that in its collection ever}' object with which it 
comes in contact be free from hving bacteria. 

To fulfil these requirements the material may be con- 
veniently collected in any of the following ways: 

1, It may be obtained directly from the individual by 
means of the sterilized platinum wire, 
and cover-glass preparations, cultures, 
and, if necessary, animal inoculations, 
made at once* 

2. Since a very small quantity of the 
material usually suffices for the purposes 
of examination, it may often be very 
conveniently collected and brought to 
the laboratory on the so-called" swabs," 
where it can be subjected to the vari- 
ous manipulations at leisure. 

The '*svvab" consists of a piece of 
rather stifif wire about six inches long, 
on one end of which is firmly twisted 
a pledget of absorbent cotton, so that 
the end of the wire is well covered* 
This is placed, cotton end first, in a 
test-tube, which is then provided with 
a cotton stopper (Fig. 15), and the 
whole sterilized in a hot-air sterilizer 
by heating to 150° to 180*^ C. during 
about half an hour. A large number 
of " swabs '* in test-tubes may be kept 
on hand sterilized and ready for use. 
When it is desired to secure material 
for bacteriological examination on a 
" swab/' the cotton stopper is removed, 
the swab taken out, and the cotton end 
brought in contact with the pus or exudate in such a manner 
that some adheres to the cotton. The swab is then imme- 
diately replaced in the test-tube, the cotton stopper returned 
to its place, and the whole then carried to the laboratOT>^ 




Fir.. 15.— Steriiiied test* 
tube and. swcvti for collect- 
ing pus anti fluids for bac- 
teriolo^cal cxammations 
(Warren), 
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In these manipulations care should be taken to avoid 
touching with the swab anything but the material which it 
b desired to examine, otherwise the material may be con- 
taminated with other bacteria than those originally present 
in it 

By means of swabs material for examination from pus or 
exudates may be secured and brought to the laboratory in 
most instances. They are especially useful in surgical work, 
in which it is often desirable to determine the character of 
the organism present in a pus-formation or exudation with- 
out waiting to summon a bacteriologist or to collect the 
necessary cover-glasses, culture-tubes, platinum needle, etc. 
The swabs and their test*tubes may be kept on hand in a 
sterile condition, so that they may be handled by the ope- 
rator or an assistant. 

3. Fluid material may be collected by aspiration or other- 
wise. In the case of fluids care should be taken that every- 
thing with which the fluid comes in contact be clean and 
sterihzed by heat if possible. The use of antiseptics, 
such as carbolic acid or corrosive sublimate, is to be 
avoided. 

If a hypodermic syringe is used in obtaining material, it 
should be of a construction which will admit of sterilization 
by heat, and it should be so sterilized before using. 

In the collection of pathological fluids, especially peri- 
toneal exudates, a special form of apparatus has been found 
most useful. It consists essentially of a glass tube, about 
14 cm. long and about 7 mm. in external diameter, one end 
of %vhich is narrowed to a small opening and rounded oflT, 
while to the other end is attached a small rubber bulb like 
that on a *' medidne dropper." It is to be kept ready for 
use in a test-tube, stoppered with cotton (see Fig, 16), the 
whole having lieen sterilized as are surgical dressings. The 
rubber bulbs are not expensive. Any number of pieces of 
this apparatus may be kept on hand in sterile condition. 

When it is desired to obtain a sample of peritoneal or 
other fluid for bacteriological examination, the apparatus is 
removed from the test-tube and the fluid aspirated into it by 
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manipulation of the rubber bulb. It is then replaced in the 
test-tube. The fluid thus obtained should be free from con- 
tamination and may be readily transported to the laboratory 
for examination. 

Cover-glass Preparations. — The metliod of demon- 
strating the presence of bacteria in pathological material by 
means of cover-glass preparations depends upon the fact 
that bacteria have the property of being 
colored by certain of the aniline dyes, 
and thus may be more readily seen 
by the microscope* The cover^glasses 
g^~~ are best kept in alcohol, and as re- 

^^^ quired for use wiped dry with a soft 

^V cotton cloth. A cover-glass prepara* 

Bf tion is made as follows : A ver>^ small 

^fe^ amount of tissue or materia! to be 

^H examined is thinly spread over the 

^H surface of a clean thin cover-glass 

^H with the platinum wire or "loop*' 

^H described on page 96 so as to give a 

^H streaked appearance to the surface, but 

^H not a definite layer which is ordinarily 

^H too thick for satisfactory^ examination. 

^H The charged cover-glass is then dried 

^^H by holding it in the fingers over the 

^H flame of a Bunsen burner, and when 

^^ dry it is placed, charged surface 

uppermost, in the grasp of a pair of 
cover-glass forceps/ by means of 
which it is passed rapidly three times 
of a Bunsen burner or alcohol lamp. 



Fig* 16. — Apparatus for 
the col lection of path plug- 
ical fluids. 



flame 01 a 
the material 



on the glass, and the prepara- 



th rough the 
This ** fixes 

tion is then readv for staining bv one of the various 
methods given below. In staining, the cover-glass is held 
by means of the forceps with the charged side upper- 
most and level, and the surface is then completely covered 

*The form of cover-glass forceps known as Stewart's is recommended. 
They may be obtained from American dealers in bacteriological apparatus. 
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with the staining fluid, which is poured upon it from a drop- 
ping-bottle/ It may then be heated over the flame of the 
Buiisen burner, washed in water, and submitted to any further 
manipulation wJiich may be necessary while still in the grasp 
of the forct*ps. When the staining is completed the prepara- 
tion is next to be prepared for microscopic examination. 
This is done by placing the cover-glass, with as much water 
as will adhere to it, charged side downward, on a *' slide," 
and then removing all remaining water, except a thin film of 
water between the slide and cover-glass, by gentle pressure 
with several thicknesses of filter-paper. The preparation is 
then ready for examination with an oil-immersion lens. The 
presence of this film of water is ver>^ essential for a satis- 
factor).' examination with the microscope, and its evaporation 
may be compensated for by a drop of water placed at the 
edge of the cover-glass. The preparation may also be 
mounted in balsam after carefully dr>nng it first between 
filter-paper and then holding it in the fingers over the Bun- 
sen flame, but the examination in water mount is better, 
because the apparent size of the bacteria is greater in this 
than when mounted in balsam. 

It is of the greatest importance that cov^er-glass prepara- 
tions be made from all exudates or acute inflammatory con- 
ditions of organs or tissues, so that the results of cultures 
can be controlled and some idea formed of the number and 
character of the bacteria present. They are of especial use 
as enabhng one sometimes to recognize the presence of an 
organism which does not grow in the culture for some 
reason, and whose presence might escape notice, while their 
importance in many cases in the identification of the pncu- 
mococcus and the bacillus tuberculosis must be apparent. 
In certain cases it is best to examine the material in its 
natural state and without drying and staining. This is espe- 
cially true of suspected infections with actinomyces and the 
ameb^ colj. In these cases the material should be spread 
over a cover-glass, and this placed, while the material is still 

* Thtf form of drop-iioUle known by dcalcis in becteriDlogicil iupplics as the 
« T, K. (lOient," m\ih flat sto^T^^r, \& tire best. 
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moist, charged surface downward, on a "slide/' and then 
examined with various powers of the microscope. If neces- 
sary, a small amount of normal salt solution (0,6 per cent) 
may be added to dilute the material and facilitate the ex- 
amination. 

Staining Methods for Cover-glass Preparations.'— 
Simple staining is used for the demonstration of bacteria in 
general, and also useful in gaining an idea of the character 
of the cellular elements in the preparation. 

Loffler's alkaline methylene-blue solution is perhaps the 
best staining fluid to use for simple staining, for it does not 
stain so diffusely and intensely as do the other commonly 
used dyes, such as fuchsin and gentian violet, which may 
also be employed, 

The cover 'glass, covered with the staining fluid, should be 
warmed over the Bunsen flame, so tJiat the fluid steams, for 
about fifteen seconds. Boiling should be avoided The 
preparation is then washed in w ater for two or three seconds 
and mounted. 

Gram's Method of Stainingr- — i- Cover the preparation 
with aniline-gentian-violet solution for thirty seconds* 

2. Wash in water for two or three seconds. 

3. Cover the preparation with Gram's solution of iodin 
for thirty seconds. 

4. Wash with 95 per cent, alcohol until the color ceases 
to come out of the preparation. 

5. Wash in water for two or three seconds and mount 
Certain bacteria are stained by this method, while others 

are not. Bacteria w^hen stained by it appear dark blue or 
black, while the nuclei of the cells are rather faintly stained 
or not stained at all The method is especially useful in the 
demonstration of bacteria which are stained by it when 
they are present in small numbers or when a few Grani- 
staining bacteria are mixed among numbers of bacteria 
which do not stain by this method. It also has some value 
as a means of differentiating between bacteria which may be 
very much alike in size and shape, 

* The formulae for staining fluids will be fouud in Fart 11 [^ (see Index), 
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In the foliowing table tlie behavior of the more important 
pathogenic bacteria toward the method of Gram \s indi- 
cated : 



Stained nv Gkam's Method, 

Staphylococcus pyogenes aureus, 

Staphylococcus j?yogcncs dbus. 

Streptococcu* pyogenes* 

Ptieumococcus. 

Micrococcns tetragenus. 

Bacillus diphtherifc. 

BacilJus lubcrculo&is. 

Bacillui^ of anthrax « 

Ba^cJIIus of tetanus.. 

Bacillus olrogeues c^psulatus, 



DlCOLORIEED BY GkAM'5 METtlOD, 

Gonocticcus. 

Diplococcus tntra*cellutaris tneuingi* 

Typhoid bacillus, 
BaciltUiS coH commums. 
Spirillum qf Asiatic cholera. 
Bacilltis pyocyaneus. 
Bacillus of infiuenia. 
Bacillus of glanders* 
Bacillus pfuteiis. 
Bacillus mucosus capsuLitus. 
Bacillus of maligiuitit edema. 
Bacillus of bubonic plague. 



Special Btainin^ methods for co^er-glaas preparations 
will be found in the section on Special Bacteriolog\\ 

Sxammation by Cnltores* — The demonstration of the 
presence of bacteria in a tissue or exudate by means of cul- 
tures consists in bringing a small amount of the material to 
be examined in contact with some solid nutrient substance 
in which the bacteria will thrive* On this the bacteria by 
multiplicatinn form masses or colonies visible to the naked 
eye, and present appearances which enable a practised eye 
in many cases to recognize the species of the bacteria of 
which they are composed Of the solid culture-media de- 
scribed in the preceding section, the cotxpilated blood-serum 
is distinctly the best to use for the demonstration of the 
presence of bacteria in routine pathological work, because 
certain of the most important pathogenic bacteria grow bet- 
ter upon it than upon agar-agar or similar media. The other 
media have important uses in the study of the bacteria after 
their isolation from the tissues, and in certain instances spe- 
cial media are to be used, as will be pointed out in the fol- 
lowing pages. The blood-serum medium here described 
has been found entirely suitable for the isolation of the 
bacillus tuberculosis from tubercular lesions, which proves 
its efficiency as a culture-medium. 
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Method of Preparing Cultures on Blood-senim.^ — TKe 

preparation of cultures on the coagulated blood-scrum coa- 
sists in distributing over the surface of the medium in a test- 
tube as much of the tissue or other material as will adhere 
to the end of a piece of stiff platinum wire hammered flat 
at the end The wire is fixed \\\ the end of a glass or metal 
rod, and should be about 8 cm. long. It should have a 
rounded spatula-like extremity, and should be thick enough 
not to bend easily. In making cultures from clinical mate- 
rial, the platinum loop may be used for fluids. 

The *' platinum wire" or ** loop" consists of a piece 
of platinum wire of about 22 gauge, z% to 3 inches lontj, 
fixed in the end of a small glass or metal rod 8 or 10 inches 
long. It is often of great convenience to have two of these 
instruments, one with the wire curled into a simple loop 
about I to 2 mm. in diameter at the free end, and the other 
a straight wire with the free extremity hammered flat into 
a very small spatula. The latter is of great utility in pick- 
ing up minute portions of bacterial colonies. 

Both this instrument and the stifTer wire, above mentioned, 
should be heated to a red heat in a flame immediately before 
using, in order to destroy any bacteria that may be upon 
them. 

If the material is on a '*swab," the surface of the blood- 
serum or other media may be conveniently inoculated directly 
by gently rubbing the swab over it. In this case it is usually 
best to make a dilution or two by means of the platinum wire, 
as described below, especially if there be a large amount 
of material on the swab or if the cover-glass examination 
has shown that a large number of bacteria are present. In 
any case it is important that the infected material be spread 
over all of the surface of the medium, and not in the form 
of one or two narrow streaks. 

It is, of course, essential that the material brought in con- 
tact with the culture-medium should be free from bacteria 
not originally present in it, or that it be not contaminated 
with bacteria from outside sources. Therefore, in taking 
material from the interior of organs and tissues the surface 
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is first sterilised by searijig it with a hot knife, such as an ordi- 
nar>'' case-knife, which has been heated in the Bunsen flame, 
and then, through a small incision made witli another hot 
knife in this seared or sterilized area, the material from the 
interior is collected on the end of the platinum wire» which 
has also been previously heated in the Bunsen flame to 
sterilke it, and then cooled either by plunging it in the 
water of condensation of the culture-tube for a few seconds 
or by moving it about in the interior of the tissue. 

In the case of exudations on free surfaces, however, this 
searing is impossible, and therefore care should be exercised 
at the autopsy not to contaminate any such exudate by 
handling before the material for culture has been obtained 
with the platinum wire. The material thus secured is then 
transferred by means of the platinum wire to the surface of 
a blood-serum culture-tube, and the infected wire gently 
rubbed over a/i of the surface of the culture*medium, avoid- 
ing, however, the breaking of the surface. // is impt^rtani 
(hat the materia! be tihii distributed m^er the nutrient surfaee. 
If the material is suspected of containing a large number of 
bacteria, as in the case of suppurations or acute inflamma- 
tory lesions, a second tube should be inoculated from the 
first one by touching the platinum wire, previously sterilized 
and cooled, to the infected surface of the first tube, and then 
gently rubbing the infected wire over the surface of the 
second tube. This operation is called *' diluting/* The 
object of this is to obtain, after the development of the cul- 
ture, a sufficiently small number of colonies in the second 
tube, so that they may be discrete — i. e, separated from one 
another — ^and thus be enabled to exhibit their characteristic 
appearances, which are largely lost when the colonics are so 
numerous as to be confluent 

If thought desirable, a third tube may be similarly inocu- 
lated from the second, but this is rarely necessary. In mak- 
ing these '* dilutions** it is well to cool the platinum wire in 
the water of condensation of the sterile tube before touch- 
ing it to the infected surface of the other tube. As a rule^ 
one tube will be sufficient to obtain discrete colonies from 
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organs or tissues in which no suppurative or exudative con- 
dition is present. 

Anaerobic cultures are indicated in certain cases. For 
anaerobic methods, see pp. ii8, 119. 

After the manner above indicated cuHures are to be made 
at t]ie autopsy as a matter of routine from the biood of the 
heart, from the Iwcr^ the spleen, the iuNg, and the kieiney. 
Cultures are also to be made from any acute inflammatory 
lesion in any situation. 

As each culture-tube is infected it is to be labelled with 
the name of the organ or of the material from which it was 
infected, and with the date. For this purpose small paper 
labels coated with mucilage are used. 

The culture from the blood of the heart should be made 
before the removal of that or^an from the body, by searing 
the right ventricle and then puncturing it with a sterilised 
knife to admit the platinum wire. The amount of blood 
used for the culture should be as much as vdll adhere to the 
platinum wire. Cultures from vegetations in acute endo- 
carditis are not usually of much value unless they are suf- 
ficiently large to enable a sterilisation of their surface to be 
efifected and material for culture secured from their intcrion 

Cultures from the Blood dtiring I#ife. — With a steril- 
ized hypodermic syringe secure a cubic centimeter of blood 
from one of the large veins at the flexure of the elbow. Mix 
this immediately with one or two tubes of fluid agar-agar 
which has been kept at hand at a temperature of about 40*^ C. 
and form a ** slant," or make a Petri plate of the mixture. 
(For keeping the agar-agar tubes at the desired temperature 
an ordinary cup or similar vessel filled with water of the 
proper temperature will suffice.) 

When the " slant " or " plate '* has become solid it is to be 
placed in the incubator for development Ijefore puncturing 
the vein the skin over it should be thoroughly cleansed with 
alcohol and ether, but no antiseptics, such as carbolic acid 
or corrosive sublimate, should be used. The syringe should 
be thoroughly sterilized hy steam for half an hour, and 
should be brought to the patient in a steriJized test-tube, 




I 



BACTEJilOLOClCAL METHODS. 



99 



from which it should be removed only when it is to bc- 
uscd. 

Intraperitoneal inoculation of mice may also be made with 
\ to I ex, of the blood This may give rise to strepto- 
coccus or pneumococcus septicemia. 

AH cultures except gelatin cultures are to be placed, as 
soon as made, in the incubator or thermostat, where they 
are conveniently kept in small tin cups. 

The Inoculation of Animals. — The inoculation of 
animals directly with pathological material is often of im- 
portant diagnostic value. In routine pathological work it 
is mainly useful in determining the presence of the pneumo- 
coccus or of the bacillus tuberculosis when the ordinar)^ 
methods are considered inadequate. 

The methods of inoculating animals are described on 
pp. 113-118, 

ill. THE METHODS OF STUDVINO BACTERIA IN 
CULTURES, 

The cultures made as described in the last section, having 
been in the incubator for eighteen to twenty-four hours, 
arc next to be studied, and the identity or diagnosis of the 
bacteria whose colonies have grown out upon them is 
to be established. The identification of the infecting bac- 
teria present in most cases may be made from a con- 
sideration of the size, color, and general appearance of the 
colonies as they appear on the surface of the blood-serum 
w^hen taken in connection with the morphology* of the bac- 
teria composing them. In some cases, however, this may 
not be sufficient evidence upon which to base the diagnosis, 
and it may be necessary to obtain further facts in regard to 
a given organism in order to identify it with a sufficient 
degree of certainty. Thus it may be necessary to observ c 
the appearances of its growth in pure culture in various 
media, and to ascertain whether it produces certain chemi- 
cal change in the media by its growth. Its ability to grow 
with or without oxygcn» its reaction toward staining agents, 
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whether it has independent motion or not, and its effects 
upon animals by inoculation, are also points which may 
have to be determined to enable one to make a positive diag- 
nosis of the species to which the organism belongs. There- 
fore, in the study of the colonies of the bacteria which 
have developed in the cultures a familiarity with certain 
fundamental bacteriological methods is necessary. These 
will be described in this section. 

K COVER-GLASS PREPARATIONS FROM CULTURES- 

A minute proportion of a colony or bacterial growth, the 
component organisms of which are to be examined, is picked 
up on the end of the platinum wire, which has been pre- 
viously heated in the Bunsen flame and cooled, and is thinly 
distributed on the surface of a cover-glass by gentle move- 
ments of the platinum wire. It is veiy important that the 
bacteria should be more or less separated from one another 
in places, so that a good view of the individual organisms 
may be obtained. This can often best be effected by placing 
a minute drop of water on the cover-glass first, and then 
moving the infected end of the platinum wire back and forth 
through this. The preparation is then dried between the 
fingers over the Bunsen flame, and next, having been 
grasped with the Cornet forceps, is to be rapidly passed three 
times through the Bunsen flame. While stiil held by the 
forceps, it is then stained by covering it from a dropping- 
bottle with the staining solution, and washed in water or 
submitted to any other manipulation which may be required. 

The staining solutions ordinarily employed are carbolic- 
fuchsin, aniline-gentian-violet, and Loffler's alkaline methy- 
lene-blue. If methylene-blue be used, it is best to steam 
the preparation in staining for about ten seconds, but in the 
case of the other stains this is not necessary, for they stain 
deeply almost immediately, so that the staining solution 
need not remain longer in contact with the bacteria than a 
few seconds. After staining, the cover-glass is to be washed 
in water and mounted for examination, as described on page 
93 in the case of cover-g!ass preparations from tissues. 
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Gram's mUh^ti €f staimng may also be used for cover-glass 
preparations from cultures. As has been pointed out elsewhere 
(see page 94), this method does not stain all species of bacteria, 
but some species are stained by it and others are not. This fact 
is sometimes useful in aiding in the identification of a given 
organism^ and as enabling one to recognize the presence of a few 
Gram-staining bacteria among a large number of others which are 
unstained. 

In this connection it should be pointed out that bacteria which 
are stained by this method^ when taken from cultures a few days 
old, may not be stained by it if taken from older cultures. There- 
fore, Gramas method, if used as a means of differentiation, should 
Ik: applied only to bacteria in actively growing cultures. 

Bacteria stained by this method have a blue- black color. 

For a list of bacteria that stain by Gram*s method see page 95, 

The Staining of Sporae, — Spores take up the an i tin dyes 
with difficulty, probably owing to their dense protective envelope. 
When once stained, however, they do not give up their color 
easily^ and resist decolorizing agents. The cover-glass prepara- 
tions should be thinly spread. 

AMiJft's Mfikoit — 1, Stain the cover-glass preparation deeply 
with methylene-blue, heating repeatedly until the staining solu- 
tion boils, but do not boil continuously, during about one minute. 

2. Wash in water. 

3. Wash in 95 per cent, alcohol containing 0.2 to 0.3 per cent 
hydrochloric acid. 

4. Wash in water. 

5. Stain for eight to ten seconds in aniline-fuchsm solution. 

6. Wash in water and mount. 

The spores are stained blue and the bodies of the bacteria red. 

MotUer^s Method. ^-\. Wash the cover-glass preparation in 
chloroform for two minutes. 

2, Wash in water. 

J, Treat with 5 per cent solution of chromic acid one-half to 
two minntes. 

4. Wash in water. 

5. Stain with carbol-fucbsin, heating slowly until the fluid boils* 
6p Decobri/.e well in a 5 per cent, solution of sulphuric acid. 

7. Wash in water, 

8. Stain in aqueous soluiion of methylene-blue (i gram to 100 
C.c*) thirty seconds. The spores will be red, the bodies of the 
biiCteria blue. 

The preliminary treatment with chloroform is to cleanse the 
preparation. 

Fiocca suggests the following rapid method: ** .\bout 20 c.c. 
of a 10 per cent, solution of ammonia are [jonred into a w*atch- 
glass, and ten to twenty drops of a saturated aqueous solution of 
gentian-viokt, luchsin, methylene-blue, or Jsairanin added. The 
solution is warmed until vapor begins to rise, then is ready for 
use. A very thinly-spread cover-glass, carefully dried and fixed» 
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IS immersed for three lo five rainiites (sometimes ten to twenty 
minutes), washed in water, washed moaieiitanly in a ao per cent 
solution of nitric or sulphuric acid, washed again in water, then 
counterstained with a watery solution of vestivin, chrysoidin, 
methykne-bhie, raalachite-green» or safranin, according to the 
color of the preceding stain. This whole process is said to take 
only from eight to ten minutes, and to give remarkably clear and 
beautiful pictures/' 

The Staining of Flagella, — All motile bacteria are 

provided with delicate wavy, hair-like prolongations of their 
protoplasm, called flagella, which are of comparatively great 
length. These flagella are the locomotor organs of the 
organism. The number of them attached to each individual 
varies to a considerable extent with the species of the bac- 
teria- Thus the individuals of some species have but one 
flagellum, while the individuals of other species may have 
few or many springing from all parts of the organism. 

The flagella are not rendered visible by the ordinary 
methods of staining, but special methods are necessary^ for 
their demonstration. These methods depend essentially upon 
the use of a mordant, which causes the flagella to take up 
the stain. 

The cover-gtasses must be absolutely free from grease in 
these methods, so that the watery fluids may be spread 
evenly over them and not run into patches. The cover- 
glasses may be prepared by warming them in concentrated 
sulphuric acid for a time, washing them in water, and keep- 
ing them in a mixture of equal parts of alcohol and strong 
ammonium hydroxid solution. 

When used they are to be dried on a cloth which has pre- 
viously been soaked in ether and allowed to dr>% in order 
that it may contain no trace of fat. Another way to treat 
the cover-glasses is to take them from alcohol, dry them 
with a clean cloth, and then heat them by means of the 
cover-glass forceps in the Bunsen flame to burn off any fat 
or grease. 

The bacteria must be distributed upon the cover-glass well 
separated from one another in these methods. They should 
not be subjected to too much manipulation in doing this, for 
the flagella are readily broken off. A good way is to make 
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a dilute suspension of the bacteria in distilled water, and 
place one or two loopfuls of this on the cover-glass, not 
spreading with the loop, but making the suspension flow 
over the surface by inclining the cover-glass. 

Another way is to place two drops of water on a cover- 
glass — to draw the infected wire once through one of them 
across the surface, and then once through the other drop, 
thus making two streaks. This subjects the bacteria to less 
manipulation and gives a good distribution in places. 

The cover-glasses prepared as above indicated are to be 
allowed to dry in the air, and are then to be heated for a 
few seconds over a flame while held between the fingers* 
They are then ready to be stained by any of the methods 
given below. The cultures used for the preparations should 
not be older than eighteen to twenty-four hours. SoUd 
culturc*media, such as agar-agar, should be employed 

Loffler'B Method. — Treat the preparation for about one 
minute with the freshly filtered mordant solution, which is^ — 

Aqueous solution of tannic add (20 grams tannic acid 

to 100 ex* water), loca; 

Cold saturated solution of ferrous sulphate, 5 ex*; 

Saturated aqueous or alcoholic solution of gentian- 
violet or fuchsin, 1 ex. 

The cover-glass is to be covered with this while held with 
the cover-glass forceps, as in ordinary methods of staining. 
The mordant, thus placed on the cover-glass, may be gently 
heated by holding the preparation high over the flame for a 
period of about one minute, but it must not be boiled. After 
this the preparation is to be washed in water, and then 
stained with a freshly prepared and filtered solution of ani- 
line-gentian-violet or aniline-fuchsin, with gentle heating for 
thirty to sixty seconds. It is then again washed in water, 
and mounted in water or balsam for examination. 

In using this method, as well as others, an important thing 
to avoid is overheating. The mordant may be freshly mixed 
every time or kept indefinitely for use* 
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The ferrous sulphate solution should always be freshly 

prepared, for it rapidly decomposes. The solution of tannic 
acid keeps well, however. 

The addition of varying quantities of acids or alkalies for 
different species of bacteria, as recommended by Loffler, is 
not necessar\^ 

Pitfleld's Method as Modified by J. Blackburn Bmith.— 

The mo rd a lit is prepared as IbUovv.s : 

A saturated solulion of mercuric ehlorid, made by boiling, is 
poured while still hot into a bottle in whieh crystals of ammonia 
alum have been placed in quantity more than sufReient to saturate 
the fluid. The bottle is then well shaken and allowed to cool. 
To lo ex. of this fluid lo c.c. of a freshly made lo |>er cent, 
solution of tannic acid are added and 5 c.c, of carbol t'uchsin 
solution. After mixing, iilter. This mordant will keep. 

In staining, the mordant is filtered on to the cover-gla^ prepara- 
tion, which is heated until steam is given ofl* during about three 
minutes. Boiling is to be avoided. The preijamtton is then 
washed in distilled water and is stained in a mixture of i c.c. of 
a saturated alcoholic solution of gentian violet and 10 c.c. of a 
saturated solution of ammonia alum. This mixture is filtered on 
to the preparation, 

BowhUrs Metbod. — Stain the preparation in the follow* 
ing solution for ten to fifteen minutes, i^Hghtly warming: 

Saturated alcoholic solution of orcein* 15 c.a 

Aqueous solution of tannin, 20 : 80, 10 c.c 

Distilled water, 30 c,c 



This mi.xture is to be filtered before using. The saturated 
alcoholic solution of orcein should be at least ten days old. 

Williams' Method. — This is a modification of van Er- 
mengem's method along^ the lines of the modification of 
Hinterberger and others* It has been adopted by Dr. 
Hugh Williams after a large experfencc with various 
methods in the Laboratory of the Massachusetts General 
Hospitah 

The method is capable of giving black bacteria and fla- 
gella, with little or no precipitate. The method is as foU 
lows: 

I. Cover the cover-glass with a mordant consisting of 
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Alumnol,' i per cent solution, i part; 

Osniic acid, a pt;r cent, solution, I part; 

Tannin, 20 per cent, solution, 3 parts. 
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Shake the mixture, and add three drops of glacial acetic 
acid, and again shake, 

2. Apply the mordant less than one minute without heat- 
ing. Wash thoroughly in water, 

3. Cover the preparation, during about one minute, with a f 
per cent solution of silver nitrate to which suflRcient ammonium 
hydroxid has been added to keep the silver in solution, 

4 Wash in water. 

5, Wash with 0.6 per cent, solution of sodium chlorid. 
6» Flood the preparation with a 30 per cent solution of 
ammonium hydroxid, and immediately wash in water. 

7, Apply a few drops of Ortol photographic developer. 
The directions for making up this developer come with the 
OrtoL 

8, Wash in water* 

9, Cover with a i per cent solution of gold chlorid 
during a few seconds. 

10, Wash in water, and apply Ortol developer for a few 
seconds, 

tL Wash in water, and cover uith a i per cent solution 
of mercuric chlorid for a few seconds. 

12. Wash in water 

15. Apply Ortol developer for a few seconds. 

14. Wash in water, and repeat the application of chlorid 
of gold, the washing, and the apphcation of the developer 
tw^o or more times, Between the various applications of 
the chlorid of gold the preparation should be inspected 
with a high, dry lens to determine the progress of the stain- 
ing. This is readily done by placing the cover-glass, charged 
side upward, on a slide. In this way the process of impreg- 
nation with gold may be controlled; for the flagclla, if 
stained, may be easily seen with the high-power dr>' lens. 

The preparation is very conveniently held during the 

i Firbwerke vorm> Bielster Luchss u. BrUning, H(khft ii. M.. Gcmaany. 
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process in cover-glass forceps. The washing is best done in 
a small stream of water from a faucet. The various solutions 
are conveniently applied from dropping-bottles, see p, 93* 

It will be seen that the process consists essentially in 
the impregnation of the flagella with silver, followed by 
intensification, in the photographic sense, with niercLir)' and 
gold. The object of the application of the sodium chlorid 
and ammonia is to remove the excess of silver compounds 
which adhere to the surface of the cover-glass in spite of 
washing. This excess of silver compounds is chiefly respon- 
sible for the precipitates which appear on the preparation 
after the intensification. In spite of the application of the 
sodium chlorid and ammonia solutions, some precipitate 
will occur if the intensification is pushed too far. On this 
account it is advisable to observ^e the progress of the inten- 
sification under the microscope as above indicated. 

Although this method may appear complicated, in practice 
it requires but a few minutes to stain a preparation. 

a. METHODS OF OBTATNrNO PURE CULTURES, 

When it is desired to obtain a pure culture of bacteria, a 

colony or a portion of a colony of the organism is secured 
on the end of the sterile platinum wire, and transferred by 
this means to the culture-medium in another test-tube. The 
bacteria thus sown in the fresh culture-medium multiply 
there» and produce a growth visible to the naked eye which 
exhibits appearances more or less characteristic of the 
species. This growth, if the medium be a solid one, will 
usually be in the form of confluent colonies \ if the medium 
be a fluid one, the growth may appear as a sediment with or 
without clouding of the liquid, or it may manifest other 
peculiarities according to the species to which the organism 
belongs. If other bacteria are present in the culture from 
which it is desired to obtain material for a pure culture^ it is 
important that the material should be taken from a colony 
of the organisms which is well separated from other colonies 
— /* f. that the colony should be a so-called " discrete " one. 
In transplanting, the culture-tube containing the colony 
and the culture-tube that is to be infected from it are held 
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side by side m the left hand in a slanting position in such a 
way as to give a good view to tlie operator of the surface of 
the media in each, while the cotton stoppers are removed 
and held between the fingers of the same hand (Fig. 1 7)* 
The object of holding the tubes in a slanting position is to 
offur less chance of contamination from bacteria gaining en* 
trance to the culture-medium from the air. 

The platinum wire, which is manipulated by the right 
hand, is first sterilized by holding in the Bunsen flame until 
it glows, and then cooled by contact with the media to be 
infected, after wliich its free end is carefully brought in 
contact with the discrete colony or pure culture-growth. 




Flu. 17. — Method of holding tubes during iTiocuJadon* 



and immediately inserted into the sterile tube to inoculate 
it. The manner of inoculating the sterile culture-medium 
in the other tube with the infected platinum wire will vary 
with the form and character of the culture desired. 

If the medium to be inoculated is a fluid one, the wire is 
simply immersed in it and moved back and forth once or 
twice. If the medium be a solid one in the form of a slant, 
the infected end of the wire is drawn over the surface once 
or twice from the bottom of the slant to its upper end ; or 
if the solid medium in the lube be arranged for a stab cul- 
ture (see page 77), the infected wire is to be plunged once 
through the center of the mass to the bottom of the tube- 
After the tubes have been inoculated as above indicated, the 
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Wire is to be immediately withdrawn and the cotton stoppers 
replaced. They are then to be placed in the incubator for 
development. Gelatin cultures^ however, must not be so 
treated, but are to be kept at room -tern f>eratu re, for the heat 
of the incubator would cause the gelatin to become fluid. 

These details as to the manner of manipulating the cul- 
ture-tubes, cotton stoppers, and platinum wire abo apply to 
the procedure described below. 

Method of Isolation of a Bacteritim in Pttre Cnl- 
tnre &om a Mixed Growth. — If there is a more or less 
confluent growth of colonies of various kinds in a culture- 
tube, and it is desired to isolate a pure culture of one of the 
species of bacteria present, it is obvious that the first step is 
to obtain separate or " discrete ** colonies of that arganisin. 
This is accomplished by securing a minute quantity of the 
growth on the end of the sterilized platinum wire (preferably 
from a spot where the organism is prevalent), and distrib- 
uting this over the surface of a sterile blood-serum tube by 
gently rubbing the end of the infected wire as thoroughly 
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Fig. 1 8. — Diluting cultures. 

as possible over it The wire is then sterilized in the Bunsen 
flame, cooled in the water of condensation of a second sterile 
blood-serum tube, next touched to the infected surface of the 
first tube, and the wire thus infected gently and thoroughly 
rubbed over the surface of the second. In a similar manner a 
third tube is then infected from the second, and then all the 
tubes placed in the incubator for eighteen to twenty -four hours. 
It is evident that comparatively few bacteria will be sown on 
the medium of the second tube, and still fewer on that of the 
third, so that the number of colonies which develop in the 
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second tube will be less numerous than in the first tube, 
and those in the third tube still smaller in number. There- 
fore, in either the second or the third tube, or in both, the 
bacteria sown may be sufficiently {ir^K for discrete colonics to 
develop from them, and among these there may be some 
composed of the bacterium which it is desired to isolate. 
From one of such discrete colonies pure cultures may then 
be prepared as described above. The second and third 
tubes used in this method are called ** dilutions." The 
details of the manner of manipulating the tubes, etc. in this 
method may be understood from the description given on 
page 106 and from Fig, iS. 

The Plate Method of Petri. — Another method for obtaining 
discrete colonies of an organism from a mixed growth of 




Fig. 19.^ Petri dish with colonies. 

several species is that known as the plate method of Petri. 
This is a modification of the original complicated method 
of Koch. 

The method consists in making "dilutions** in melted 
agar-agar or gelatin tubes, and then pouring the infected 
medium into shallow glass dishes (Fig, 19) previously steril- 
ized, in which it is allowed to solidify. A few bacteria are 
thus distributed throughout a thin layer of culture-medium 
in the " dilutions/' and the colonics which develop from them 
are then more or less separated from one another, so that 
pure cultuFcs may be obtained from them. In carrying out 
this mctliod the procedure is as follows : 
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Three sterile gelatin or agar-agar tubes are melted by heat 
and placed in a water- bath warmed to betw^een 40° and 42° 
C. for several minutes, to bring the culture-medium to this 
temperature. This temperature is important especially in the 
cast: of agar-agar, for it is just above the solidifying point of 
that medium (38° C.) and yet not injurious to the vitality of 
the bacteria. The tubes are then infected successively from 
the bacterial growth or from the pathological material from 
which it is desired to obtain discrete colonies, in the same 
manner as described for the method witli blood-serum tubes 
— viz, one tube being inoculated from the growth or tissue, 
a second tube or dilution from the first tube, and a third tube 
or dilution from the second tube, the platinum wire being 
sterilized after each inoculation. For making the " dilu- 
tions " a platinum wire bent into the form of a small loop 
(see page 96) is to be used, and as much of the culture-fluid 
as will adhere to it used for inoculating. The wire should 
be moved back and forth several times in the medium of each 
tube when inoculating it, in order to ensure a good distribu- 
tion of the bacteria throughout the fluid. The contents of 
each tube thus inoculated are then poured into sterilized Petri 
dishes, in which the culture-medium solidifies in a thin layer. 

The Petri dishes (Fig. 19) are of clear glass, circular in 
form, to cm. in diameter and about i cm. deep. Each is 
provided with a loosely fitting flat cover of glass. These 
dishes with their covers are to be sterilized before using by 
placing them in the steam sterilizer for half an hour or by 
heating them to 150^ C in the hot-air sterilizer. When cool 
they are ready to receive the contents of the inoculated test* 
tubes. In pouring, the cover of the dish is not to be re* 
moved any more than is necessary, and it is to be immedi- 
ately replaced, so that contamination from the air may be 
better avoided. It is very desirable that there be no dust 
about the place where the dishes are '' poured/' and no cur- 
rents of air. 

If agar-agar is used, the dishes thus prepared are to be 
put in the incubator for eighteen to twenty-four hours as 
soon as the medium is solid, which it becomes in a few min- 
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utes ; but if gelatin be used, the dishes are to be set aside in 
a cool place, free from dust, to solidify; and are then to be 
kept at room-temperature for several days. Colonies first 
begin to appear in the gelatin usually after forty-eight hours. 
The method of Petri is of great utility in the study of bac- 
teria from the botanical standpoint, for it is especially adapted 
for the study of the appearances of colonies under the low 
power of the microscope. It is, however, inferior to the 
method with blood-serum tubes for routine pathological 
work, for the following reasons : First : Certain pathogenic 
bacteria grow only feebly on the culture-media which it is 
necessary to employ in this method, while they grow com- 
paratively vigoroy^sly on blood-serum. Second: The method 
is complicated and much more troublesome and time-con- 
suming than the simple method described above. 

Esmarch'sMetliod of Roll-cultures. — .\ third method for ob- 
tain mg discrete colonies is that of Esmarch as modified by Stern- 
berg. It consists in melting and inoculating three gelatin or agar- 
agar tubes as described for the plate method of Petri > and then 




Fig, ao,^ Esmarch tiibt . 



u*«in after Abbott}. 



distributing and solidifying the infected cu Itu re - medium over the 
inner surfaces of the tubes in the form of a thin layer by rolhng the 
tuljes on a block of ice while the medium in them is still fluid 
(Fig, 30). As in the plate method of Petri, the end in view is 
the distribution of a few bacteria throughout a thin layer, and ihe 
coo^qucnt development from them of discrete colonies. 

The tubes used for this puqjose should contain sufficient cul- 
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lure-medium to fill them to a depth of about t cm., but not much 
more than this, for with a greater quantity the preparation of a 
thin layer is difficult. 

In carrying out this method it is best to first make a depression 
in a block of ice with a test-tube filled with hot water. In this 
depression the culture- tube containing the fluid is placed in a 
nearly horizontal position, and rotated rapidly with the fingers 
until the medium is properly distributed and solid, care being 
exercised not to permit the medium to come in contact w^ith the 
cotton stopper. The even distribution of the medium over the 
inner surface of the tube is best obtained by manipulating the tube 
while the medium is still fluid, in such a way as to moisten its 
inner surface up loatjout t cm. of the cotton stopper before pro- 
ceeding to rotate it on the ice. 

Gelatin is the t)esi culture-medium to use in this method. Agar- 
agar can be used, but has the great disadvantage of readily slip- 
ping down toward the bottom of the tul>e if the tube is placed 
upright. It is necessary, therefore, to keep the tul>es on their 
sides. The method has little or no advantage over the method 
of Petri. 

The Detennination of the Motility of Bacteria.— 
This is done by observing the individual organisms, un- 
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Fig. ai. — The "* hanging driJi> ^cuil i 



and in proBle. 



stained, in a drop of bouillon or similar fluid under the oil- 
immersion lens. For this purpose a so-called *' flanging drap'' 
is prepared, for which a sjiecial form of slide known as a 
" /io//tnif s/idi*'* is necessarj^ The hollow slide is a slide 
having a shallow circular concavity, about i cm, in diam- 
eter, ground out in its center (Fig. 2i). 

In preparing a havering drop the procedure is as follows: 
A small drop of a bouillon culture or of the water of con- 
densation of a blood-serum or agar-agar slant is placed in 
the ccnfer of a cover-glass by means of the platinum wire. 
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The cover-glass is then placed* drop downward, over the 
circular depression in the hollow slide. To hold the cover- 
glass in its place and to prevent evaporation of the fluid in 
which the organisms are suspended, a little vaselin is painted 
around the margin of the depression before placing the 
cover-glass in position* The hanging drop thus prepared is 
then examined by focusing upon it with the oil-immersion 
lens, a small aperture of the iris diaphragm of the conden- 
ser being used to render the bacteria visible by refraction. 
To facilitate focusing, the edge of the drop should be 
brought into the center of the field of the low-power ob- 
jective, and then the oil-immersion put in place and focused 
uix>n it, the edge of the drop being more readily seen as a 
sharp line, owing to refraction, than the organisms. Great 
care is necessary to avoid breaking the cover-glass in the 
effort to bring the bacteria into view. Hanging drops may 
also be prepared from suspensions of bacteria grown on solid 
niedia« by mixing a portion of the growth with a small quan- 
tity of bouillon. 

In the study of spore- formation the hanging drop is of great 
utility. Here the slide and cover-glass must be carefully steril- 
ised before using, the cavity between the cover- glass and the slide 
well sealed with vaselin, and other precautions taken to prevent 
contamination of the drop with other bacteria. The preparations 
may be placed in the incubator or on a ** warm stage ** and the 
process of spore* format ion followed. 

3. THE INOCULATION OF ANIMALS. 

The animals ordinarily used in the laboratorj^ are guinea* 
pigs, rabbits, and mice. The instruments, etc. used in the 
inoculation of animals should be sterilized beforehand, but 
strict surgical asepsis is not neccssar>' as a rule, 

Gninea-pig^S are in most instances inoculated either sub- 
cutaneously or into the peritoneum. 

Stidoiiamous inoaiiathn is effected either by injection with 
a hj'podermic syringe or by the introduction of the material 
to be inoculated through a small incision in the skin. The 
best point for subcutaneous inoculation is the tissue of the 
anterior abdominal wall 
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In inoculating, the animal is to be held abdomen upper- 
most by an assistant, who grasps the neck and fore quarters 
with one hand and the hind quarters with the other If the 
skin is to be incised, the hair about the point of inoculation 
is to be cut short with a pair of scissors and the skin cleansed 
with soap and waten An incision is then to be made about 
8 or 10 mm. long through the skin, including the subcuta- 
neous tissue, and the superficial tissues separated from the 
muscle for a distance of to or 15 mm. toward one side of 
the wound by inserting the points of scissors or other in- 
strument, so as to form a ** pocket" beneath the skin. In 
this " pocket " the material for inoculation is introduced, 
either on the platinum wire (see page 96) or by means of 
small forceps. 

If pieces of tissue are used, it may be well in some cases 
to close the wound by one or two sutures in order to pre- 
vent the extrusion of the material after the release of the 
animaK 

Intrapcrihmeal inocuiaiion may be performed essentially as 
above indicated. If the inoculation be by incision, the open- 
ing into the peritoneal ca\Ht>^ should be as small as possible, 
and the wound should be firmly closed with silk sutures in 
order to prevent extrusion of the intestines. 

In inoculating with the hypodermic syringe the needle 
should not be pushed in too far or the intestines may be 
wounded. The needle is best introduced a little to one side 
of, or slightly below, the umbilicus. 

Rabbits. — These animals may be inoculated both sub- 
cutaneously and intraperitoneally, essentially as described for 
guinea-pigs. 

In lifting or in carrying rabbits from one place to another 
the animals are to be grasped by the ears. During the ope- 
ration of inoculating, the assistant grasps the ears with one 
hand and the hind legs with the other, while the body of the 
animal rests upon the table, abdomen uppermost. Rabbits 
held for a few seconds in this position usually become per- 
fectly quiet, and often do not show any evidence of pain 
during the operation. 
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Infrm^naus inaculaHon is usually done on rabbits, because 
of the ease with which the needle of a hypodermic syringe 
may be introduced into the long and prominent marginal 
vein of the ear. In inoculating in this manner the tip of the 
ear is held by the thumb and fingers of the left hand, while 
the right manipulates the syringe, the needle of which is 
pushed through the skin of the external surface of the ear 
into the vein which runs along the outer margin of the ear 
(Fig. 22). 




Fig* 32.— ^Method of making an intravenous inji^ction into a rabbit. Observe 
that ihc ne«dle enters the posterior vein from the hairy surface (McFarJAndK 

By the exercise of care and gentleness the animal may be 
thus inoculated without being held by an assistant, especially 
if the fur between the ears be stroked for a short time just 
before the introduction of the needle. In some cases it may 
be necessary to anesthetize tiic animal on account of violent 
struggling. (See below.) 

imJe^H&n qf hacteria inte the mesenteric pfins by means of the 
hypodermic syringe, after laparotomy, may l>e performed both 
on rabbits and on ginnea-pigs. 'I'his is to be done under anes* 
thesia. Ether is very satisfactory Jbr this purpose. Guinea-pigs 
bear it well, but it is to be used with ca\ition on rabbits. With the 
latter animals death is liable to occur if the ether is ** pushed '* after 



I 



Il6 PATHOLOGICAL TECHNIQUB, 

compleEe anesthesia is established. Rabbits once thoroughly anes- 
thetized seem to remain so for a considerable time witbotit addi- 
tional ether being necessary. The incision for this form of inocu- 
lation should be in the lower half of the abdominal wall in the 
median line, for in this region the coils of the small intestine are 
most numerous. The length of the incision should be about 2 
cm. Several loops of intestine are brought out through the 
wound, and a mesenteric vein, of the proper size to admit the 
needle of a hypodermic syringe, is sought for. When found ihe 
needle is to be introduced and held firmly in position w^hile an 
assistant careftilly presses inward the piston of the syringe. After 
the injection of the material the needle is withdrawn, the punc- 
tured vein picked up with the artery- forceps, and the ve^el tied 
on both sides of the puncture with silk thread. The loojis of the 
intestine are then replaced and the wound closed in two layers, 
one consisting of the muscles and peritoneum^ the other of the 
skin. The so-called ** button-hole stitch" with silk thread is 
very well fitted for the closing of the wound. 

Little or no aseptic precautions are necessary to obtain primary 
union in the wound. Before the operation, however, the hair of 
the region should be cut off close and the skin cleansed with soap 
and water. 

This form of inoculation may be useful in studying the local 
effects of bacteria ujjon liver tissue, for large numbers of them 
will be lodged in the capillaries of the liver, and microscopical 
sections of any part of the organ will contain them^ so that any 
local lesion produced by them may be subjected to observation 
after variable intervals of time. 

Mice are usually inoculated subcutaneously^ at the root 
of the tail The animal, manipulated by means of chemists' 
crucible tongs or a similar instrument grasping his tail, is to 
be persuaded to craw! into a cylinder of wire gauze, about 
8 to ID cm. long and about 3 cm, in diameter, which is fixed 
on a small board. The cylinder is open at both ends, and 
when the mouse has crawled into it — a thing which he will 
readily do — the end near his tail is bent inward so as to pre- 
vent him from backing out of it, while an ordinary small 
screw-clamp is adjusted firmly to his tail to prevent his es* 
caping through the other end. The animal is thus secured 
and ready for the operation of inoculation. A more com- 
plete form of this apparatus, with a fixed clamp for the ani- 
mal's tailp is shown in Fig. 23. 

In making the inoculation the mouse is pulled backward 
by the tail untiJ his rump is exposed in the end of the cylin- 
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der, and then with small scissors the hair is cut away over a 
space, approximately i cm. square, about the root of the 
tail. In the center of this a small opening is made through 
the skin 3 or 4 mm, long with small scissors, m\d through 
the opening the points of the scissors are passed anteriorly 
beneath the skin for a distance of about 1 cm., so as to make 
a " pocket" or cavity by separating the skin from the mus- 
cles. Into the cavity thus formed the nmterial for inocula- 
tion is then to be introduced by means of the platinum wire. 
As a rule, white mice are to be preferred to the wild brown 




FtG. 33,— Moiuc-hotder, with mouse m position for inoculaiion. 

variety, on account of the greater ease with which they may 
be handled 

Mice may also l)e inoculated in the {>eritoneal cavity by intro- 
ducing a very tew drops of a susjiension or a bouillon culture 
of an organism with a hypodermic syringe. 

The qtmntity &f bachria used for purposes of inoculation 
varies with the organism and with the end in view. In gen- 
eral, it may be said that \\\ inoculating with the growth from 
a solid medium with the platinum wire one or two loopsful 
are used If bouillon cultures arc employed, the quantity 
injected varies from ^ ex. to i ex. in most cases. 

In cases where a *' suspension " of the growth on a solid 
medium is injected the same quantities arc used as in the 
case of bouillon cultures, the density of the suspension de- 
pending upon the operator. A ** suspension " may be con- 
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venicntly prepared by pouring 5 or 8 c.c. of sterile bouillon, 
sterilized water, or 0.6 per cent, sodium chlorid solution (ster- 
ilized) into tlie tube containing the growth upon solid medium, 
then breaking up the colonies of the growth with the plat- 
inum wire, and shaking the tube. 

The Care of Atiimals. — ^Inoculated guinea-pigs should 
be kept in boxes or cages so arranged as to permit of clean- 
ing and disinfection. Cages made of a combination of gal- 
van i zed-iron wire netting and galvanized sheet iron are 
to be preferred. The bottom of the cage should contain 
saw^dust, and the top may be made to open on hinges. Good 
dimensions for such cages are 16 inches long, 10 inches 
wide, and 10 inches high. They may be satisfactorily dis- 
infected, in most instances at least, by washing with boiling 
water. 

Inoculated mice arc w^ell kept in large glass jars with per- 
forated covers, A small amount of raw cotton should be 
provided for bedding 

The '* stock " guinea-pigs and rabbits may be kept together 
in a pen which should have light and ventilation. Guinea- 
pigs breed readily and their young thrive, but this is not 
usually the case with rabbits. Mice may be kept for use in 
a woven-wire cage set in a sheet-iron pan, which will pennit 
of the easy removal of excreta. Some raw cotton should be 
furnished for bedding. The young of w^hite mice are diffi- 
cult to raise to maturity. 

Food. — Rabbits and guinea-pigs eat the same things. In 
summer-time, grass, green corn-husks, and green vegetables 
generally are good food for them. In winter, carrots and oats 
form a satisfactory diet Fresh w-ater should also be supplied. 

Mice may be fed on stale bread soaked in water, oats, bird- 
seed, and occasionally some cheese. Fresh water should be 
furnished, and, if possible, a little milk sometimes. 
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4, CULTIVATION WITHOUT OXYGEN (ANAEROBIC CUL- 
TURES). 

Of the numerous methods and modifications of methods 
that have been proposed for the cultivation of anaerobic 
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bacteria, only those are given here which have worked suc- 
cessfully in our hands, or are regarded as the simplest and 
most practical. 

Culture-media for Anaerobic Bacteria.— The agar- 
agar, gelatin, or bouillon used for tlie cultivation of ana- 
erobic bacteria should contain I per cent, glucose. These 
media should not be more than two weeks old for the best 
results. 

Their reaction is of the greatest importance, and should 
be adjusted by titration (see page S3), In the case of gel* 
atin and of agar-agar the reaction should be 1 per cent or 
1-5 per cent of normal acidity to phenol phthalein. In the 
case of glucose bouillon, however, a more rapid growth 
is obtained with a reaction of less than i per cent, normal 
acidity to phenolphthalein. Moreover, glucose bouillon 
undergoes a spontaneous increase in acidity while kept in 
stock, and in the course of a few days may become inca- 
pable of supporting the growth of an obligate anaerobe 
unless its reaction be readjusted This is probably a fre- 
quent cause of failure to obtain cultures of obligate ana- 
erobes in bouillon. Therefore, it is of the utmost importance, 
in working with glucose bouillon, to be sure that it has the 
proper reaction at the time of its use. In general it may be 
said that a bouillon adjusted to a reaction of 0,5 per cent 
of normal acidity to phenolphthalcin will be available for 
the cultivation of obligate anaerobic bacteria during a week 
without readjustment of its reaction. 

The culture^mediuni must be thoroughly boiled imme- 
diately before inoculation in order to expel absorbed oxygen. 
It is then to be cooled rapidly by immersing the tube in cold 
water, and is to be inoculated within a few minutes after- 
ward- 

Method of Liboriua (Fig. 24). — This consists in culti- 
vating the bacteria in the depths of solid media in test-tubes 
filled to a considerable height, so that oxygen cannot pene- 
trate to them through the thick layer of medium. 

A test-tube is filled about three-quarters full * of sterile glu- 
* The lube need oet be filled more tli*ii hAlf m Icngih. 
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cose gelatin or glucose agar-agar, and its contents boiled for 
a few minutes to expel the excess of oxygen from the me- 
dium. The tube is then immersed in cold water to cool its 
contents rapidly, and then, before the medium becomes solid, 
the tube is placed in a water-bath at ^^"^ to 40° C, for a 
few minutes. When the medium may be assumed to have 



Fig, 34. — Liborius's raetUod of 
roaknig anaerobic cultures. 



Fli;. as.^Buchner's method of 
making anaerobic cultures. 



reached this temperature, it ts inoculated with the material 

from which a growth is sought to be obtained, and then 
rapidly solidified in cold water. The colonies of anaerobic 
bacteria develop only in the deeper layers of the culture- 
medium. These colonies may be made accessible for sub- 
cultures either by breaking the tube or by removing the 
overlying portions of the culture-media by means of a stout 
platinum wire, previously sterilized in a flame. For taking 
out colonies for transplantation, a capillary glass tube, ster- 
ilized in a flame, may be found useful in place of the pla- 
tinum wire. In inoculating the tube, care should be taken 
to secure a good distribution of the bacteria through the 
medium by manipulating the platinum wire. 

This method will be found very practical for obtaining 
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pure cultures from mixed growths if dilutions (see page 1 lo) 
be made, In making dilutions it is well to use a tube of 
bouillon or sterilized water for the first tube, thus econo- 
mizing medium, for the first tube will usually have so many 
colonies that no colonies suitable for sub-cultures will be 
available. 

The microscopical appearances of the colonies may be 
studied by placing thin slices of the medium, containing 
the colonies, on a slide. These slices may be easily ob- 
tained with the aid of a stout platinum wire with a flattened 
end, more or less bent 

Anaerobic bacteria grow readily in " deep stab " cultures. 
In these cultures the medium should fill the tube to almost 
half its height at least After inoculation some melted 
medium may be poured in so as to fill the tube to an addi- 
tional height of some centimeters, but this is not necessar>^ 

BBmarch*s Method. — This consists in preparing an Es- 
march roll-culture (see page 1 1 1), of the organism, and, while 
the layer of glucose gelatin is still cold from the ice, filling 
the tube with liquefied gelatin and sohdifying this rapidly in 
cold water. The end of the tube is then to be sealed air- 
tight The colonies develop in the layer of gelatin close to 
the side of the tube, and thus can be readily studied with 
low magnifying power. 

Simple Anaerobic Plate-ctiltures. — These are prepared 
like the ordinary Petri plate-cultures (see page 109) except 
that the melted culture-medium is poured into the upturned 
larger dish, or cover, of the pair, while the smaller dish is 
then placed, bottom surface downward, in the melted culture- 
medium, and allowed to settle by its own weiglU into the 
fluid medium. The dishes are not disturbed until the 
medium has hardened. Sufficient medium should be used 
to fill the space between the sides of the dishes. This quan- 
tity will be about 10 ex. By slightly inclining the smaller 
dish in placing it in the melted medium, air-spaces can be 
easily avoided. 

By this method the colonics develop in a thin layer of 
culture-medium enclosed between glass surfaces. The 
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method gives a good chance to study the microscopical 

characters of the colonies. Surface colonies are, of course, 
not obtained by this method. The colonies are easily made 
accessible for transplantation by separating the dishes from 
one another The layer of culture-medium will adhere to 
one dish or the other. 

In order to avoid contamination, the dishes should be 
arranged in the manner above described during their ster- 
ilization previous to using, 

Buchner's Method.— ^This method consists in cultivating 
bacteria in an atmosphere from which the oxygen has been 
absorbed by a mixture of alkali and pyrogallic acid Tube- 
cultures, or cultures in Petri dishes, may be used. They 
should be placed in some form of a glass chamber, which is 
closed air-tight, along with the necessary quantity of alkali 
and pyrogallic acid mixture. In preparing the apparatus, 
the pyrogallic acid (in powder) is placed first in the chamber 
along with the culture tubes or plates, then the necessary 
quantity of a solution of potassium hydroxid (i : lo) is run 
in, and the chamber quickly closed. For single tube-cult- 
ures a large test-tube provided with a tightly-fitting rubber 
stopper, which is sealed in position with wax, may be used 
for the air-tight chamber (see Fig. 25,) The culture -tube is 
to be elevated above the surface of the reducing mixture by 
means of a bent wire. 

If a number of tube-cultures or Petri plate-cultures are 
desired, the glass chambers known as Novy's jars arc very 
satisfactory to use. The joint? of this apparatus should be 
well smeared with vaselin. To avoid breakage the test- 
tube containing the inoculated culture-medium may be held 
in a beaker, with some cotton at the bottom, white in the 
apparatus. Petri plate-cultures may be placed one above 
another in the jar, the bottom plate being supported above 
the level of the reducing fluid by some sort of wire frame. 

It is necessary to seal up the apparatus quickly in order 
to obtain the full benefit of the oxygen-absorbing power 
of the pyrogallic acid. The quantity of pyrogallic acid em- 
ployed should be about l gram for each 100 ex, of air-space 
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to be exhausted of oxygen, and for eve^ gram of p)TQ- 
gallic add lo ex, of the solution of potassium hydroxid 
should be used. 

Wright's Method, ^ — The method depends upon the ab- 
sorption of oxygen by an alkaline solution of pyrogallic 
add as in the well-known method of Buchnen It is appli- 
cable to cultures in test-tubes, and probably also to cultures 
in flasks. The details of the method are as follows : 

After the culture-medium in the test-tube has been inocu- 
lated, the cotton stopper is thrust sufliciently far down into 
the test-tube so that the upper end of the cotton stopper 
lies about i cm, below the mouth of the test-tube. It is 
usually desirable to cut ofT a part of the protruding portion 
of the cotton before doing this. Next there is run into the 
cotton of the stopper from a pipette a small quantity of a 
watery solution of pyrogalHc acid and of sodium hydrate 
solution. Then the tube is immediately closed air-tight by 
firmly inserting a rubber stopper in its mouth. The culture 
is then all ready to be set aside for development. 

The watery solution of pyrogallic acid is made by dis- 
solving in a convenient quantity of water an approximately 
equivalent quantit\^ or bulk of pyrogallic acid. 

The solution of sodium hydrate consists of one part of 
sodium hydrate in sticks and two parts of water 

For cultures in test-tubes, of a size 6 by % inches, !_> of 
a cubic centimeter of the aqueous solution of pyrogallic acid 
and I cubic centimeter of the sodium hydrate solution, both 
measured roughly, have been found sufficient quantities of 
these solutions to be placed in the cotton stopper, as above 
described. The stopper must be of absorbent cotton. 

The solution of pyrogallic acid should be freshly pre- 
pared, and should be run into the cotton stopper before the 
solution of alkali. The pipette should be rinsed with water 
before using it to run in the solution of alkali. The rubber 
stop|>er is to be inserted as soon as possible after the solu- 
tion of alkali has been run in. For this reason it should be 
kept at hand during the manipulations above described 

^ Jmrnaf^/tke Smtm Sffdfty &/ AMsmI Safmifs, Dec. 4» 1 900. 
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It may be thought that there is danger of contaminating 
the culture-medium from the alkaline pyrogallic acid mixt- 
ru lining down the sides of the tube. This does not 
occur, because the mass of the cot- 
ton stopper is sufficiently large to 

r absorb completely the quantity of 
fluid in it, with a good margin to 
spare. 
This simple method has given 
satisfactory cultures with three ex- 
amples of the tetanus bacillus ob- 
tained from cases of tetanus in the 
Massachusetts General Hospital 
and with three other obligate ana- 
erobic bacteria. It can be applied 
to all forms of test-tube cultures, 
both in solid and fluid media, 
incl uding Esmarch roll-cultures. 
Although it has not been tested 
on cultures in flasks, there seems 
%^^^ to be no reason why it should not 

in^^ , be used for this purpose. In ap- 

II^^H plying the method to Esmarch 

I^^H roll-cultures the mixture of pyro- 

1^^ gallic acid and alkali should be 

placed in the cotton, and the rub* 
ber stopper inserted before the tube 
is rolled on the ice. Glucose agar 
readily lends itself to Esmarch roll- 
cultures if the tubes are kept in a slanting position during 
growth. 

The accompanying photograph shows the appearance of 
a bouillon tube prepared according to this method (Fig. 26). 
A Simple Method for Anaerobic Cultivation in Fluid 
Media (J. H. Wright). — The method here described has 
been successfully used for the cultivation of the tetanus 
bacillus. 

The apparatus consists of a simple arrangement of glass 
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and rubber tubes enclosed in an ordinary test-tube with a 
plug of cotton inserted in its mouth as in an ordinar}^ culture- 
tube. The construction of the apparatus will be plain from 
a consideration of Fig, 2^, 

A is a glass tube somewhat constricted at each extremity ; 
B and C are short pieces of small rubber tubing ; D is a 
glass tube in the upper extremity of 
which a small plug of cotton is in- 
serted ; E is a piece of rubber tubing. 
The test*tube contains a quantity of 
the culture-fluid as indicated by the 
figure. 

When it is desired to make an 
anaerobic culture, the fluid in the 
test-tube is inoculated in the usual 
way. The fluid is then sucked up 
into the system of glass and rubber 
tubes to a level above the riibber 
tube C. When it has reached this 
level, the rubber tube E is com- 
pressed between the fingers to pre- 
vent the down-flow of the fluid, and 
the system of tubes is then pushed 
downward in such a way as to bend 
the rubber tubes B and C in the 
manner shown in Fig. i%. If the 
test-tube and the inner tube system 
are of suitable size, the rubber tubes 
mentioned \vill remain in this bent 
position. The fluid in the tube A is 
thus contained in a water-tight space, 
because the rubber tubes B and C, 
w^hcn bent to the angle shown in 
Fig, 2S, are thereby closed water* 

tight That a flexible rubber tube does so close itself when 
bent to a certain angle \s a matter of common observation. 

Cover-glass preparations may be made from the culture- 
fluid by straightening out the system of tubes and allowing 




Figs. ^ . VVnght'i 

methpd or making anaerobic 
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the fluid in them to flow out into the lest-lube, where it is 
accessible to the platinum loop in the usual way. 
The advantages of this method are : 

1. Its simplicity and the easy construction of the appa- 
ratus. 

2. The possibility of keeping any number of pieces of 
the apparatus on hand sterilized ready for use as ordinary 
bouillon tubes are kept on hand. 

3. It offers a means of determining whether a given bac- 
terium grows better under aerobic or anaerobic conditions, 
by comparing the growth in the fluid outside in the test-tube 
with the growth of the fluid in the inner tube A, 

4. It makes it possible for the user to form some idea of 
the purity or impurity of the culture with the naked eye, for 
if one is working with strict anaerobes the lack of bacterial 
growth in the fluid outside in the test-tube is a good sign 
of the absence of contamination with aerobic bacteria. 

In using this method it is, of course, necessary that most 
of the air in the culture-fluid be expelled before it is inocu- 
lated This is easily done by boiling the culture-fluid over 
the flame of a Bunscn burner without removing the inner 
system of tubes, and then cooling the apparatus by placing 
it in cold water. 

The sterilization of the apparatus is effected by steam, care 
being taken that the rubber tubes be not bent in the position 
shown in Fig, 28 during the stenlization, for the heat may set 
them permanently in this position. 

Bouillon Cultures under Hydrogen*— These are prepared 
by displacing the air in an ordinary culture-tube or other 
vessel containing glucose bouillon by hydrogen, and her- 
metically sealing the tube. The bouillon-tube is closed by 
a rubber stopper through which two small glass tubes pass, 
one running to the bottom of the tube, the other extending 
just inside the rubber stopper. 

The tubes outside the stopjx^r are bent at right angles, 
and then, beyond the bends, are constricted by drawing out 
while hot, so as to be readily sealed with the Bunsen flame. 
In the outer ends of the tubes loose plugs of cotton are 
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placed, and the apparatus thus prepared is sterilized by 
steam for half an houn After sterilization and cooling the 
bouillon is infected with the organism, the stopper and its 
glass tubes being removed and replaced with care to avoid 
contaminatioii. The stopper is then scaled in position with 
paraffin or sealing-wax, after which hydrogen from a hydro- 
gen generator is passed through the longer tube leading into 
the bouillon, and thus displaces the air through the shorter 
tube. After the hydrogen has flowed for 
five minutes the glass tubes arc quickly 
sealed with the Bunsen flame at the con* 
strictions. and the culture thus prepared 
placed in the incubator In passing the 
hydrogen through the apparatus the cotton 
plugs must of course be kept in position. 




Th€ gtnf rattan of hydrogen is best effected 
by means of the wdl-kjmwn apparatus of 
Kipp. It is important that no oxygen be 
present in the gas, or an explosion may occur 
during the sealing of the tubes in the Bunsen 
flame. 

Pure granulated zinc and pure sulphuric 
acid of 25 to 50 ptr cent, strength should 
be used. Before running the gas into ihe 
test-iul^H? or other apparatus the reservoir ol^ 
the generator should be allowed to (ill with 
gas, and this then allowed to escape into the 
air by opening the outlet, care being taken 
that no flame be near by* This should be 
repeated, and then a sample o{ the hydrogen 
collected in an inverted test-tube by disptacement of water in the 
well-known way. The same should then be ignited, and if no 
explosion occurs the hydrogen is fit to use. 

The hydrogen should be washed to insure the removal of im- 
purities from it by passing it through two washing -bottles before 
it is passed into the cukune apparatus. One of these washing- 
bottles should contain an alkaline solution of pyrogalUc acid, the 
other a 10 [jct cent, solution of acetate of lead. These may be 
easily constructed out of two large test*tubes provided with rulj- 
l>er corks through whith the necessary glass lubes pass. 

Gulturee under hydrogen on Bolid media may also be made 
in a manner similar to that described for bouillon cultures. 

An ingenious application of the method above described to 



Fig, 39* — frrtfikd^i 
method of making an* 
aerobic cultutes. 
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Esmarch roll-cultures under hydrogen is the so-called Frankel's 
method (Fig. 29). Thb consisU in preparing dilutions in melted 
gelatin tubes, passing hydrogen through the melted gelatin in the 
tubet^ as in the case of bouillon, so as to displace all of the air, 
sealing the tubes, and then making Esmarch rolls on ice (see page 
III }, While filling with the hydrogen the tubesare to be kept in 
a water- bath at about 35° C, in order that the gelatin may remain 
tiuid. All of the precautions mentioned in the case of bouillon 
are to be observed in order to prevent conLimi nation. 

Piatt-iuitutfs hy Peiri' s mtf/tm/, or ordinary tube-cultures, may 
also be grown by placing the jilaies or tubes in a vessel so con- 
structed that hydrogen may be passed into it until all the air is 
displaced, and the vessel is then hermetically closed. I'he appa- 
ratus of Novy, now on the market, is well adapted for this purpose. 

Before passing in the hydrogen a plug of cotton should be 
pkced in each of the tubes of the a|>paratus, to prevent the access 
of bacteria to the interior. The entire apparatus should also be 
sterilised by steam before the plates are placed in position and be* 
fore the hydrogen is run in* 

The hydrogen should be passed through the Novy jar until a 
sample of the gas that issues from it is found to be free from 
oxygen by the test just described. Then the valve of the jar is 
to be closed for five or ten minutes, after which time more hydro- 
gen is to be passed through the apparatus. When the outcoming 
gas has been jiroved to be free from oxygen, the valve is to be 
permanently closed and the apparatus set aside for development 
of the cultures, 

Otiiures in Vamo. — These are very satisfactorily made by 
placing the culture- tubes or culture- plates in the Novy jars 
together with an alkaline solution of pyrogallic acid, as described 
under Buchner's method, and then exhausting the air contained 
on the tubes by means of a water- vacuum pump such as chemists 
use. The pyrogallic acid will thus absorb the oxygen which 
cannot be removed by the punnp. The Novy jars are very good 
to use for this purpose, because they are provided with suitable 
air-tight valves. 



IV- SPECIAL BACTERIOLOGY. 

The number of species of bacteria of pathogenic signif- 
icance which are commonly encountered in pathological pro- 
cesses in man is a small one. These comprise the staphylo- 
coccu"S'. pyogenes aureus, the streptococcus pyogenes, the 
pneumococcus, the bacillus coU communis, the typhoid ba- 
cillus, the bacillus diphtheriae, and the bacillus tuberculosis. 
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It is with infections with these few species that the patholo- 
gist is most frequently concerned, and the determination of 
the presence of these alone comprises by far the greater part 
of the bacteriological work which he is called upon to do. 

In the following descriptions of the important pathogenic 
bacteria which are concerned in human pathology the main 
object will be to give those characteristics which will serve 
for their identification, rather than an exhaustive consideration 
of their various properties and modes of growth. 

Stapliylococctis Pyogenes Aurens.* — The colonies 
on blood-serum are golden yellow in color They are 
rounded, shining, slightly elevated, and may attain a diam- 




v-—Sty,pliytfitocCiiS pyogenes aure1i^ fryni ii tultiin:. ■; 200D (W right fittd 



eter of 2 mm. ox more after remaining for thirty-six hours in 
the incubator. The color of the colonics varies from a pale 
yellow to a deep orange. Young colonies may be creamy 
white, becoming yellow later. 

Marphohgf. — Rather small coed, fretiuently arranged in 
masses or clumps. 

Stained by Gram's method, 

' J. Rosen bftch : Mikra^r^anhtmrn hi dfn Wuf^m/fcti^txkntHkkfiifn Jei 
SI 
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Gdatin Stab-culture. — Growth along the line of stab, fol- 
lowed by liquefaction in funnel ff^rm. with yellow sediment 
and clouding of the liquefied medium (Fig. 31), 

Potato, — ^Yellow confluent colonies. 

Agar*ag(jr Slant. — Rather broad shining streak with 
sharply defined margins, at first white in color, but later 
becoming yellow, 

BiUfilioiL — Densely clouded. A yellowish sediment is 
formedj and sometimes a thin pellicle is seen on the surface. 




Fig, 3 1. ^Staphylococcus pyogenes aureus : stab-cuUure three ilays old In ffili^ 
tin (Frankcl and Pfdf!er)* 



Litfmts-miM\ — Turned pink and coagulated, 
PatliOifi'fusis, — When inoculated into the circulation of a 
rabbit death follows in from eighteen hours to three days in 
the case of virulent cultures. Not all s|>ecimens of this 
organism are virulent. The lesions produced in the rabbit 
by inoculation in the ear-vein in typical cases are abscesses 
with infarctions in the kidneys^ and miliary abscesses in the 
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myocardium, diaphragm, and voluntaiy muscles. In the 
kidneys lines of necrosis with purulent infiltration, mainly in 
the pyramids, are frequently obser\'^ed. This organ is the 
one most constantly aflected. The number and extent of 
the lesions vary in different animals and with different cul- 
tures. They are best developed in animals which survive 
about three days. In animals which succumb after eighteen 
hours no macroscopic change may be apparent. On micro- 
scopical examination of the kidneys, however, small areas of 
necrosis will usually be found, mainly in the pyramids, sur- 
rounding masses of cocci. In the kidneys of animals which 
survive longer all the grades of invasion of these necrotic 
areas by leucoc>*tes, up to regular abscess-formation, may be 
traced. By cultures the organism will be found m large 
numbers in the kidneys and urine of the rapidly fatal cases, 
and in smaller numbers in the other organs and blood of the 
heart. 

Occurrence. — ^The staphylococcus pyogenes aureus is found 
most commonly in pus- formations of a circumscribed cha- 
racter and also in a large number of pathological conditions, 
of which only the more important will be mentioned here. 

These are as follows : Osteomyelitis, peritonitis, pleuritis, 
endocarditis, meningitis, broncho-pneumonia, and puerperal 
septicemia. It may also be found in the blood of the various 
internal organs at autopsies in cases in which a suppurative 
or other acute inflammatory process is present anywhere, 
with or without metastatic abscess-formation. The organism 
also occurs frequently in the dust of places inhabited by 
man, as well as on the surface of the skin and of the mu- 
cous membranes of the nose and mouth. 

DiagTiosis, — ^The staphylococcus pyogenes aureus cannot 
usually be identified with any certainty by the cover-glass 
examination alone. Cultures are necessary in order to dif- 
ferentiate from the other staphylococci and from the strep- 
tococcus. 

I"or practical purposes the identification of the pyogenic 
cocci may be made by the appearances of their colonies on 
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blood-scrum and by their morphology; no secondary cult- 
ures are usually necessary. 

The following staphylococci may also be present in acute 
inf1ammator>' processes, but thev occur less frequently than 
does the staphylococcus pyogenes aureus. 

Staphylococcus Pyogenes Albus and Staphylococcus 

Pyogenes Citreus.^These organisms diftlex from the staphylo- 
coccus pyogenes aureus mainly in the color of their colonies. 
Xs a rule, they are much less pathogenic for rabbits than that 
organism. 

Staphylococcue Epidermidis AlbuB (Welch).—" Is prob- 
ably only a variety of the staphylococcus pyogenes albus, Usu- 




Fli*- 33.^ — Slrept*JCt)ccqs pyogenes ; <?over-glass preparation of the pus of an 
abscess; X 1000 [Frankcl and Pfciffer). 



ally grows somewhat more slowly ; liquefies gelatin and coagulates 
milk less rapidly* Is of little virulence under ordinary conditions. 
Is a regular inhabitant of the epidermis, lying deeper than can be 
reached by disinfection of the suri^ue of the skin '' (Welch), 

Staphylococcus Gereus Albus. — Very similar to the staph- 
ylococcus pyogenes albus, but does not liijuefy gelatin. May 
occur in abscesses. 

Staphylococcus Cereus PlaTUs, — 1'his organism is similar 
to the preceding, except that it forms a lemon-yellow pigment. 

Streptococcus Pyogenes.' — This organism may be re- 

^ Roienbaeli ; ht. riff p. 1 29. 



BACTERiOLOQiCAL METHODS. 



133 



garded as ideirtical with the strcpton^ccus rrysipdatos of Feh- 

leisen.* 

Blood'Scrum. — Minute grayish- white colonies, often look- 
ing like small grains of sand scattered over the surface of 
the medium. Sometimes the colonies are shining, trans- 
lucent, colorless, resembling minute dewdrops. 

Mi>rpholog\\ — Rather small cocci arranged in chains, each 
coccus being divided into two hemispheres by a line of 
division running at right angles to the axis of the chain 
(Figs. 32, 35). The chains may be made up of many cocci 
and be quite long. 




' FlCJ. 33— Streptococcus pyogenes from a culture in bouillon ; :< aooo (Wright 

and Brown). 

Cover-glass preparations from the colonies often fail to 
show the characteristjc chain arrangement, owing to the 
chains being broken up by the manipulation. The chain- 
formation is best demonslraled in cover-glass preparations 
from the ** water of condensation " at the bottom of the 
blood-scrum tube. This is essentially a bouillon culture, 
and it is in such fluid media that the chain*forniation is best 
develolx^d. In preparing the cover-glass from this as little 
manipulation of the fluid as possible should be used, ia 
order to avoid destroying the chain arranj^ement, 

Practically, the only organism with which the strepto- 
coccus may be confounded is the pneumococcus, which also 
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grows in minute colonies and sometimes in chains. The 
streptococcus may be distinguished from the pneumococcus, 
however, by the morphology of the individual organisms, 
the streptococci appearing as pairs of hemispheres, and the 
pneumoCQCci as pairs of oval, conical, or lancet-shaped or- 
ganisms, the broader ends of which are in apposition. 

Stains by Gram*s method. 

BouUhm. — The character of the growth in bouillon is sub- 
ject to considerable variation, and certain doubtful varieties 
of the streptococcus are distinguished mainly by the bouil- 
lon culture. 

** We thus distinguish short-chained streptococci (* strepto- 
coccus brevis*), long-chained streptococci ('streptococcus 
longus \ streptococci which render bouillon cloudy and 
those which do not, streptococci which form flocculent or 
scaly or sandy or viscous sediments. 

** The name ' streptococcus conglomeratus ' is given .to a 
streptococcus which grows, without clouding the bouillon, in 
the form of dense, separate particles, scales, or thin mem- 
branes at the bottom or sides of the tube, and on shaking 
the sediment it breaks up into little specks, without produ- 
cing uniform diffuse cloudiness, 

*' On microscopical examination the chains in the latter 
case are long and interwoven in conglomerate masses. 
Streptococcus chains may be straight or w*avy or twisted. 
These various distinctions are only of relative value. One 
form may change into another. Virulent streptococci may 
be found among all the groups mentioned ; the streptococci 
of er>'sipelas and most of the streptococci from abscesses 
and septicemia grow in long chains in bouillon *' (Welch). 

Agar-agar Slant, — Minute grayish translucent colonies 

(Fig. 34)^ 

Agar-agar Stab. — Small spherical grayish colonies along 

the needle-track. 

Gciatin. — Growth similar to that on agar-agar, 
Litmi4S-mill\ — Some varieties turn the medium pink and 

cause coagulation. 
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Pathogenesis. — The results of the inoculation of animals 
are not constant, great variation in the virulence of dif- 
ferent cultures being observed Some- 
times mice inoculated at the root of the 
tail or in the peritoneal cavity will die 
in about twenty-four hours with en- 
largement of the spleen and large 
numbers of the organism in the inter- 
nal organs. 

Occurrence. — The streptococcus oc- 
curs frequently in the spreading phleg- 
monous ini^ammations as well as in 
suppurative processes generally, and 
IS the most common cause of septice- 
mia. It is almost always present in 
inflammatory conditions of the mucous 
membrane of the pharynx, and is often 
encountered in broncho-pneumonia. 
In er>*sipelas it is almost invariably 
the infecting organism, and it is the 
most frequent cause of puerperal sep- 
ticemia. In the majority of fatal cases 
of diphtheria and in some cases of 
typhoid fever, scarlet fever, tubercu- 
losis, and other acute inflammatory 
diseases it will be found in the blood 

of the various internal organs after death. It also occurs in 
a certain proportion of cases of peritonitis, pleuritis, men- 
ingitis, endocarditis, and otitis media. Gaining entrance to 
the tissues through an insignificant wound or abrasion of 
the skin, it may produce a rapidly fatal septicemia in a sus- 
ceptible individual, in whose internal organs at autopsy large 
numbers of the organism will be found. This general inva- 
sion of the circulation may also be observed in cases of 
chronic or wasting disease, the infection occurring during 
the last days or hours of life (terminal infection)- 

Of other conditions in which it may occur, hepatic abscess, 
appendicitis, osteomyelitis, and synovitis may be mentioned. 




Fki, 34- — Streplcicoccus 
pyogenes : culture upon 
a(ifnr-iignf two cluys oM 
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Although the streptococcus is distinctly one of the pus-pro- 
ducing bacteria, yet the inRanimations of the soft parts of 
the extremities which are produced by it are generally cha- 
racterissed more by necrosis and serous or hemorrhagic exu- 
dation and infiltration than by the breaking down of tissue 
and frank pus-production. In this the organism is in marked 
contrast to the staphylococcus pyogenes aureus, which 
practically always produces dissolution of tissue and pus. 
Moreover, the streptococcus inflammations are more com- 
monly accompanied by lymphangitis than are those due to 
the staphylococcus pyogenes aureus. 

In a few instances we have met with a streptococcus whose 
colonies aissume a well- marked yellow color on blood-serum, but 
which in other respects are like the long-chained forms above de- 
scribed. 

Diagnosis. — ^The streptococcus pyogenes may often be 
identified by the cover-glass examination alone through its 
characteristic chain -formation, but this may not be apparent 
and the result of cultures must then be awaited* 

KfysipelaB.^ — The streptococcus is most readily found in 
the extreme margin of the affected area where the process is 
newest. The skin should be cleansed with soap and water, 
and with alcohol Then with a sterile knife-point or a large 
needle a small wound should be made, and some of the 
blood and exudate pressed out from the tissue beneath. 
From this, cultures and cover-glasses may be prepared. 

PnetunococcusJ^ — Symntyms : Diplococcus pneumoniae ; 
Micrococcus lanceolatu.s; Micrococcus of sputum-septi- 
ccmia ; Micrococcus pneumoniae crouposae, 

Bitnni-serum.—M'mwX^ colorless, transparent colonies, re- 
sembling very small drops of dew. 

Morfifwiogy. — Pairs of rather small oval, conical, or lancet- 
shaped organisms, the broader ends being in apposition. 
The organism varies somewhat in size, and one of the ** pair " 
may be smaller than the other (Fig. 55). In some cases 
atypical or involution forms are seen, especially if the culture 

^ A. FrSukel i Zntuhrift fur kHmuht Mtdidn^ Bd. x, u. xi, ; Wekhsel- 
baum : IVimer mfd. Jiihrbucktr^ |S86* 
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be more than twenty-four hours old. No capsules are ordi- 
narily observed in cultures with ordinary mctliods of staining. 
In the ** water of condensation" of the blood-sennn tube, 
chains may be formed resembling- those of the streptococcus, 




Fm. 35 — Pneumococd from a cuUurf ; X aooo (Wright and Brown), 

but difiering from the chains of that organism by the oval 

or lancet form of the elements of which they are composed, 

in pus,blood»or in other material, the organism is inv^ested 

with a hyaline zone called the capsule (see Figs. 36, 37), 






PlO. 36,— Pncumocoed with c;ip5ule? in .1 cnvt-r-glnsfi preparnr-n h 1*, ^puiiurn 
stained bv Cnim s method and Bismarck brtjwri; X aooo i^ Wright and Brown), 

This is composed of a mucln-likc substance. It may be 
seen usually in cover-glass preparations stained by the ordi- 
nary methods, especially if the preparations be examined in 
water-mounting; 
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Stained by Gram's method. Not motile, 

Giycerin Agar^irgnK — Feeble growth of very minute gray- 
ish colonies. 

BmdllofL — Clouded faintly. 

Lkmus-miik. — Sometimes turned pink and coagulated. 
Growth on other culture-media is very feeble* The organ- 
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Fig. 37. — Dlplococcus pneutnoniie ; cover- glass prepAmtion from the hearths 
bltKjd of a rabbit; X 1000 (PrHnkel and Ffciffcf). 

ism dies out rapidly in cultures. To keep it viable it should 
be transplanted every forty-eight hours, 

Paifwgi^Hi'sis. — The pneumococcus is very pathogenic for 
mice and rabbits, less so for guinea-pigs. 

Subcutaneous inoculation with virulent cultures causes the 
death of mice in from twenty-four to thirty-six hours, and 
of rabbits in from thirty-six to forty-eight hours, with septi- 
cemia. 

This infection is the " sputum-septicemia " of Sternberg. 
At the autopsy there will be found in the blood everywhere 
the characteristic encapsulated lancet-shaped organisms, usu- 
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ally in pairs (Fig. 37 K Great variation in the virulence of 
the organism is observed* In some cases no effect will be 
produced by the inoculation ; in others a more or less exten- 
sive fibrino^purulent exudation will be produced about the 
point of inoculation, and the animal will survive for a con* 
siderablc length of time or recover* Inoculation into the 
ear-vein or peritoneal cavity of a rabbit will sometimes cause 
a rapidly fatal septicemia, when subcutaneous inoculation with 
the same culture will only cause a local reaction* The viru- 
lence of the pneumococcus is quickly lessened by cultivation. 

Occuf-rence. — The pneumococcus may be demonstrated in 
the pulmonary exudate of practically all cases of genuine 
lobar or croupous pneumonia. At autopsies on cases of this 
disease it may be found in large numbers in the consolidated 
lung, and sometimes in smaller numbers in the blood of 
other internal organs. Cultures from the lun^ may some- 
times show the presence of other bacteria in addition to the 
pneumococcus, but these are to be regarded as either second- 
ary infections or contaminations from the smaller bronchi. 

The pneumococci in the pneumonic exudate die in large 
numbers after a time, and in cases near resolution numerous 
capsules may be found in cover-glass preparations from the 
lung in which it is impossible to demonstrate the organism 
by staining methods. 

The pneumococcus is also frequently found in broncho- 
pneumonia, acute pen- and endo-carditis, acute pleuritis and 
empyema, acute purulent meningitis, and in otitis media* In 
cases of pneumonia and bronchitis it may be present in the 
sputum m large numbers* It has been observed in cases of 
peritonttis. of synovitis, of osteomyelitis, and of abscess-forma- 
tion in various situations* 

At autopsies on individuals dead of these conditions it 
may be frequently found, by means of cultures and animal 
inoculations, generally distributed throughout the internal 
organs in variable numbers* It is also often present in the 
mouth and in the saliva of healthy individuals* 

Didg^nosis. — If the pneumococcus be present in ver>' small 
numbers in pathological material, the quickest and most 
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certain method of demonstrating its presence is the inocula* 
tion of a mouse with some of the material (see page 1 16). 
This is also the best way to prove the identity of the organ* 
ism. 

The pneumococciis can usually be identified in exudates, 
blood, tissues, or sputum by examination of cover-glass 
preparations alone, by reason of its peculiar morphology and 
its possession of a capsule. The capsule can be seen in most 
instances in cover-glass preparations, stained in the usual 
manner, if they be examined in water-mount. The capsules 
appear as a hyaline material usually with definite outlines 
surrounding the paired organisms. If it be desired to stain 
the capsules the following methods may be used Their 
working is somewhat uncertain. 

Methods of Staining the CapBule of the PneumocoGcus* 
— Welch's Method. — This method depends upon the fact 
that acetic acid precipitates the mucin-like substance of 
which the capsule is composed, and that the precipitated 
material of the capsule is not soluble in a 2 per cent, solution 
of sodium chlorid. Therefore, any necessary washing of the 
preparation is to be done in the solution of sodium chlorid, 
and the mount is to be made in the same solution or in 
balsam. 

The method is as follows : 

1, Cover the preparation with glacial acetic acid for a few 
seconds, 

2, Drain off and replace (without washing in water) with 
aniline-gentian'\*Tolet solution. The staining solution is to 
be repeatedly added to the surface of the cover^glass until 
all of the acid is replaced. 

3, Wash in a 2 per cent solution of sodium chlorid and 
mount in the same. 

W, H, Smith's Method. — This has been found particu- 
larly useful in demonstrating the pneumococcus in the 
sputum. The sputum or other material should be fresh. 
The cover-glasses should be spread as thinly as possible and 
fixed by passing three times through the flame in the usual 
manner. 
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1. Stain in anijine-g^entian-violet solution for a few 
seconds, gently warming until the staining fluid steams. 

2. Wash in water. 

3. Cover with Gram s solution of iodin for thirty seconds, 

4. Wash with 95 per cent, alcohol until the color ceases 
to come out 

5. Wash with ether for a few seconds. (To remove fat.) 
d Wash in absolute alcohol for a few seconds. 

7, Stain one to two minutes in a saturated aqueous solu- 
tion of eosin. 

8, Wash w ith absolute alcohol for a few seconds, 

9, Clear with xylol. 
ID, Mount in balsam. 

The pneumococcus is stained blue-black while the capsule 
is stained pink. This method gives beautiful preparations. 
With the following modification it has been used by Smith as 
a routine stain for sputum. The advantage of this modifica- 
tion is that influenza bacilli and other bacteria which do not 
stain by Gram's method arc clearly brought out, as are also 
eosinophilic leucocytes. This modification consists in wash- 
ing the preparation with Loffler's alkaline methylene-blue 
solution just after it has been stained with eosin, as described 
above, and then, after the excess of eosin has been removed 
by the methylene-blue. steaming the methylene-blue solu- 
tion for a few seconds while on the cover-glass. The 
preparation is then washed in water, rinsed with alcohol, 
cleared wuth xylol, and mounted in balsam. 

GonocQCCtiS.^ — Morphdag}\ — Cocci of medium size, com- 
posed usually of two hemispheres separated by a narrow^ 
unstained interval Sometimes two of these pairs of hemi- 
spheres are joined together in the manner of "tetrads/' or 
groups of four, showing evidence that division occurs in two 
directions at right angles to each other (Fig. i%\ Decolor- 
ized by Gram's method. 

The gonococcus will not grow^ upon any of the culture- 

*N«lsMrr; C^niraihl / *i. mrti Whttnffiat/ffn, No, 2S, 1879; Kunrm : /Jrr 
Nn^ur^" \Vi€%biulen, 1HS7 \ Wenhdiu ; Artkitff. GjmMfi*li*gw, Bd, 4J, t&ga. 
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media ordinarily employed, but requires special media for 
its cultivation. 

The cohnks on suitable culture- media appear after eighteen 
to twenty *four hours as minute, grayish, translucent points. 
Later they may attain a diameter of 2 mm. Under tow 
magnifying power a well-developed colony is seen to consist 
of a generally circular expansion, with thirty translucent, 
sharply-defined margins, becoming brownish, granular, and 
denser toward the center, which is made up of coarse brown- 
ish clumps closely packed together. 



• # 
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Fig. 38. — Gonococci fmm el cuiture, showing format soti of letrads and variability 
in the size of the coed ; X 2000 (Wrig})l aRcl Brown J. 

Special Culture-media. — The essential constituent of 
culture-media upon which the go3iococcus will grow seems 
to be the blood-serum or similar albuminous fluid from the 
animal body. 

Blood Agar* — Probably the most convenient means of 
cultivating the gonococcus is the use of blood agar as 
described for the cultivation of the bacillus of influenza 
(see p. 197). 

Serum Agar-agar. — This medium consists of sterile human 
blood-serum mixed with fluid agar-agar at a temperature of 
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40*^ C in the proportion of i part of blood-serum * to 2 or 3 
parts of agar-agar. The blood-*?erum is to be obtained 
under the strictest precautions to avoid contamination with 
bacteria, thoroughly sterihzed vessels, etc. being used. The 
blood may be conveniently drawn from the median vein of 
the arm with a sterilized antitoxin syringe. Placental blood 
obtained from the umbilical cord by pressure on the pla- 
centa may be also employed. 

Ordinar>^ tubes of plain agar-agar (2 per cent.) which have 
been previously sterilized in the usual manner are meited and 
brought to a temperature of 40*^ C in a water-bath. To the 
fluid agar-agar in each tube the sterile blood-serum is then 
added in the proportion of one-third to one-half the volume of 
the agar-agar, care being taken to avoid contamination. For 
the transfer of the serum to the agar-agar tubes a sterilized 
pipette may be used. The tubes may then be infected and 
their contents poured into sterilized Petri dishes, as in the 
plate method previously described (seepage 108), or the tubes 
may be placed on their sides in a slightly inclined position 
and the agar-agar allowed to solidify, thus forming ''slants'* 
which may be kept on hand ready for use. In order to test 
for the presence of contaminating bacteria in these slants, it 
is well to place them in the incubator for twenty-four hours 
after they have become solid, so that any bacteria which may 
be present in them will form colonies and manifest them- 
selves. If only two or three tubes of this media are required, 
they may be prepared by drawing a suitable quantity of blood 
from the median vein of the arm with a sterilized hypodermic 
syringe, mixing this blood directly with tubes of melted agar- 
agar, as above indicated, and allowing the mixture to solidify 
to form " slants." A thorough cleaning of the skin about 
the vein is of course necessa^>^ Some pathological fluids 
which are rich in albumin, such as the serous exudate of 
pleuritis, may be used in the place of blood-serum as above 
described. In using these, however, it is important to be sure 
that they contain albumin in considerable quantities, for they 

^ In place of the blooil of blood *)teni in, hydrocele or |>kudtic A nidi oblained 
under proper prccsutU>ns to avoid contaminntion, may be iised. 
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vary greatly in this respect, and those which contain but httle 
albumin will probably be of no value for the purpose. 

Urme-Serum- Agar-agar, —This medium is prepared by mix- 
ing, under aseptic precautions^ with mehed agar-agar at a tem- 
perature of about 40 '^ C, one- third to one- half its vokime of 
a sterile mixture of beef blood-serum and human urine* ^ The 
mixture of blood -serum and urine consists of i part urine and 2 
parts senim. This mixture is freed from bacteria by filtration 
through a large unglazed porcelain filtering apparatus, and it is 
then added to the ordinary sterilized agar-agar (plain) tubes, which 
ha^-^e been melted down and are kept fluid in a water- bath at about 
40° C. After the admixture of the urine and serum with the agar- 
agar, the contents of the tubes are allowed to solidify in the form 
of '* slants/* and then tested for contaminations by placing the 
tubes in the incubator for twenly-four hours. The a^rar-agar, if 
used, should be more concentrated than usual to allow for the 
addition of the urine and serum. This concentration can liest 
be obtained by evaporating the agar -agar before running it into 
the tulic^ to about ihree- fifths of its proper volume. Thus a liter 
of agar -agar may be evaporated by boiling to 600 or 700 c.c. 
The tnt>es should be filled with this concentrated agar- a gar to a 
depth of about 3 cm. The filtering apparatus should be sterilized 
by steam before using, as also everything which comes in contact 
with the culture material. A half hour in the steam sterilizer 
will suffice for the purpose. 

Wasserman's Culture-medium for Gonococci, — Mix in 

an Erlenmeycr llask 15 ex. of pig s blood-serum, 30 to 35 ex. 
of water, 2 or 3 ex. of glycerin, and 0.8 to 0.9 gm. of 
nutrose. Shake the mixture^ and heat it to boihng under 
continued shaking. The mixture clears up under heat, and 
may be sterilized by steaming without coagulation. It 
keeps indefinitely. This sterilized mixture is combined for 
culture purposes at 50° C. with equal parts of 2 per cent 
nutrient melted agar. 

The gonococcus is not pathogenic for laboratory animals, 
as is the case with certain other pathogenic bacteria. When 
inoculated with bits of agar into the eye or into the pcrito* 
neal cavity of mice and guinea-pigs it may give rise to sup- 
puration. 

* Jh H. Wright ■ ** On the Culli%'atioo of the Gofiococcus fnim Cases of tion- 
orrhca, riphthaltnia Puniknia, aiid PyfisalpiiDt " [Am^r. jQumai AhtL Sci.^ 
JiLn., 1S95). 
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Occurrencf. — The presence of the gonococcus may be 
demonstrated in ths pus of acute gonorrhea and gonorrheal 
ophthalmia. It occurs also in a certain proportion of cases 
of purulent salpingitis. It has been found in peritonitis, en- 
docarditis, pericarditis, myocarditis, pleuritis, and arthritis, as 
well as in periurethral abscess, in abscess of the glands of 
Eartolini, and in other acute inflammatory' processes. In a 
few cases of endocarditis it has been demonstrated in the 
blood during Hfe. 

Dm^nosis. — For practical purposes the gonococcus may 
be sufficiently identified in pus by cover-glass examination 
of the same. Cocci in the form of paired hemispheres 
chiefly situated within the pus-cells and decolorizing by 
Gram's method of staining may be regarded as gonococci 
with a fair degree of certainty. The fact that they decol- 
orize by Gram's method serves to distinguish them from 
the pyogenic staphylococci and streptococci, for these may 
also be present inside leucocytes, and may in some instances 
look like gonococci. The identification by this means is not 
b^ond question. To make it more certain the isolation 
and study of the suspected cocci in cultures arc necessary. 
In cultures, not only should the organism show the pecu- 
liarities of morphology, of staining, and of colony growth, 
above described, but it should be rigidly determined tiiat it 
does not grow on ordinary* agar-agar. 

If it is desired to obtain cultures of the gonococcus from 
the pus of gonorrheal urethritis, the case should not be more 
than of a few days' duration, becatise cases of longer dura- 
tion will usually show the presence of other bacteria whose 
colonies overgrow the feebly growing colonies of the gono- 
coccus. An organism which may be mistaken for the gono- 
coccus is a coccus growing in large milk- white colonies on 
alt media, but staining by Gram's method. This coccus is 
frequently found in gonorrheal pus after the discharge has 
bstcd scvxral days. Other cocci also occur. 

The pus for culture purposes may be collected on a 
*'swab,*' ^ni\ the special culture-medium directly infected 
with this. The gonococcus retains its vitality in the pus 

10 
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m\ the swab for a number of hours, but care should be 
taken to avoid drying. 

In a certain proportion of cases of purulent inflammation 
of the oviducts, gonococci niay be found and cultiv^ated, as 
above indicated. The majority of cases, however^ will have 
sterile pus, while in a small percentage of cases tlie ordinary 
pyogenic cocci will be present 

Cultures from the blond in cases of gonorrheal endocar- 
ditis may give positive results. For the methoil of making 




Fig. 39- — Gonococd inside a Icticocj tc. Cover -glass preparaiion from gouor^ 
rheal pii*»: x aoco (Wright atid Drown J. 

such cultures, see page 98, The mixture of blood and 
agar, obtained by this method, forms a good medium for the 
growth of the gonococcus. 

In applying the test of decolorization by Gram*s method, 
colonies not more than forty-eight hours old should be used, 
because Gram-staintng cocci in older cultures may be more or 
less decolorized by this method. In proof of the necessity 
of cultures for confirming the identity of the gonococcus in 
certain instances, we may state that we have met with a Gram- 
decolorizing coccus in an arthritis of the knee, clinically of 
gonorrheal origin, which, in cover-glass preparations from the 
exudate, was regarded as the gonococcus, but which was 
found not to be that organism by the study of it in cultures- 



BACTERfOLOGlCAL METHODS. 



147 



MeUiod of Staining for Gonococci, — Prepare a cover- 
glass with the pus, spreading it thinly with Uie platinum 
wire. The practice of spreading a small drop of pus between 
two cover-glasses and drawing them apart is objectionable. 
After'* fixing " stain the preparation by the following method: 

1. Stain with anih'ne-gentian-violet solution for thirty 
seconds, without heating* 

2. Wash in water, 

3* Cover the preparation with Gram*s iodin solution for 
thirty seconds. 

4. Wash in water 

5. Wash with alcohol (95 per cent) until the color ceases 
to come out of the preparation. 

6. Wash in water. 

7. Stain in saturated aqueous solution of Bismarck brown 
for thirty seconds. 

8. Wash in water and mount 

This method is nothing but Gram's method and after- 
staining with Bismarck brown. With it the gonococci are 
seined brown, and other pyogenic cocci stained blue-black. 




FlG, 4ii>.^Micro©©ceui tetrogt^Dttit colony twenty-fuur hours cid upon ihc sur- 
face of on AgAr-a^or plate; X loo <Hdm1. 

Micrococcus TetragenusJ — The c&lmtcs are small, 
white, and elevated (Fig. 40), Growth Li slow. 
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Morphology, — Micrococd arranged in fours, or '' tetrads," 
held together by a gelatinous substance (Fig. 41). 

Staincid by Gram's method. Not motile- 

Gdatin 5/^^.— Feeble growth in the form of minute 
spherical masses along the line of stab with a small white 
slightly elevated point at the surface of the medium. The 
gelatin is not hquefied. 

Agar-agar 5/a//A— Moist, glistening, grayish-white trans- 
lucent streak with wavy margins. 

Potato.— Q^xowXh is in the form of ** a thick, irregular. 




Fig, 41. — Mtcroco€cu» tetragenus in pus from a white mouse; X 615 (Hcim). 

slimy-looking patch."* The growth on agar-agar and on 
potato may be drawn into thin threads by the platinum wire. 

Pathogenesis, — Subcutaneous inoculation of mice and 
guinea-pigs may lead to a fatal septicemia or only a local 
puS'formation. Intravenous or intraperitoneal inoculation of 
rabbits may also produce septicemia and death. 

At autopsy the micrococci, arranged in tetrads, are found 
in the blood generally, but most numerously in the spleen. 
They can readily be demonstrated by cover-glass prepara- 
tions* 

Occurrence, — " Found not infrequently in phthisical cavities 
and sputum, occasionally in association with pyogenic cocci 
in abscesses connected with carious teeth and about the neck 

* Abljolt : Prindptes 0/ Ba£i€ri&t^y^ 
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and jaws and middle ear, larely in abscesses elsewhere. It 
has been considered to be non-pathoy^eiiic for man, but it has 
been found in pure culture in closed abscesses in man^ and 
Viquerst has proven experimentally that it is capable of caus- 
ing suppuration in human beings'* (Welch). 

Diploeoccus Intr acelltilarls Meningitidis. '— J/t?r- 
pliohgy, — Diplococci, occurring as paired hemispheres, sepa- 
rated by a well-marked unstained interval and showing con- 




FlG. 42,— Diplococcus iniRicclliilaHi mcnirigiudi^ fram a cuUure, showing the 
tendency toward gfouping In fours or teimds; x acx)0 (Wright and Brow ti). 

siderable variation in size in cultures (Fig. 42). The larger 
forms are regarded as involution or degenerate forms. The 
organism shows a tendency to grouping in fours or tetrads. 

In cover-glass preparations from the meningeal exudate 
the diplococcus frequently is situated inside leucocytes, and 
sometimes within the imcleus (Fig. 43). The appearances 
are ver>^ much like those of gonorrheal pus. It is decolor- 
ized by Gram's method. 

Biood'-scrum. — The colonies ap|>ear after about twenty-four 
hours^ and after forty-eight hours may attain a diameter of 
2 or 3 mm. They are round, colorless, shining, slightly 
convex or flat, moist, and viscid-looking. They may be- 
come confluent. 

Agar-agar, — Round, flat, grayish, translucent, moist, shin- 
ing colonies, attaining a diameter of 2 or 3 mm. after twenty- 
four hours in the incubator They may become confluent, 

' Wcichsdbaitm : h^TtsihriiM Jtr MfWuimct U*l, 5, 1 837; J*cgcf * -^w^- 
ickrifi fUr ifygtent in*J in/faimi^tiSHkhftUH, Ikl. 19, I&9S; Cauocilinani 
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and in a ** slant " culture the growth appears as a grayish, 

translucent, moist, shining streak about 3 mm. in width, with 
smooth margins. Under a low magnifying power the colo- 
nies are homogeneous, semi -trans lucent, and not granular, 

Sugar-agar Stab-ad ture.^^V^^hX^ growth not extending 
all along the line of inoculation. 

Bouilhn, — Medium slightly to moderately clouded. At 
the bottom of the tube a whitish sediment, which may rise 
as a viscid string when the tube is shaken. 




I'*IG* 43-^ — DipioccKCUS iiUracoUuliiris riiL'iun|rjtidi^ in polytiuclear leucocytes of 
mcAingeal exudale (Jaegrr). 

Potato. — Very feeble or doubtful growth^ giving the surface 
of the potato a moist appearance at the most. 

Litmus-milk. — ^Growth without visible change in the 
medium. 

GeiatitL — Feeble growth. No liquefaction. 

Viiaiity. — The organism quickly dies out under cultivation. 
It seems to survive somewhat better on blood-serum than 
on agar-agar, but cultures on the former only seventy-two 
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hours old may be found no longer capable of growth after 
transplantation. 

Patfwgenesis. — Intraperitoneal inoculation of guinea-pigs 
and rabbits g^fvcs very uncertain results. Mice are said to 
succumb to subcutaneous inoculation, with some invasion of 
the blood by the organism. 

Exceptionally, we have found that tlie intraperitoneal in* 
jection of a bouillon suspension of a twenty-four-hour 
blood-serum culture in the quantit\^ of about r c,c. would 
kill guinea-pigs within forty*eight hours. 

At the autopsy there is an accumulation of a cloudy or 
blood-stained fluid in the peritoneal cavit>% some little en* 
largement of the spleen, and some injection of the peritoneum. 
Microscopical examination of the exudate shows numerous 




IflC 44« — Diplococc us %n\ m^el I ularis men j n gi tidts i teucoc v tcs. Co vc r ^ , ; ; ■ - 
uration from peffioaeal ej(udai« in ^ gtiincii-pig ; X aooo (Wright antX liruwti), 

leucocytes crowded with the diplococci {Fig. 44), The cult- 
ure-test gives no evidence of general infection of the blood 
Occurrence. — Found in the meningeal exudate of certain 
cases of epidemic cerebro-spinal meningitis. It is situated 
mainly inside the pus-cells, some of which may contain 
many diplococci. In some cases the presence of the organ- 



tSt 



PATHOLOGKAL TECffNlQUB. 



ism in the exudate may be difficult or impossible to demon- 
strate, and it is probable that it rapidly dies out. It has been 
observed in the lung in the broncho-pneumonia of one case 
and in the nasal secretions of a number of cases. It has 
also been found in arthritis, which sometimes accompanies 
the disease, A general invasion of the circulation by the 
organism does not occur. 

Diagnosis. — (See also the section on Lumbar Puncture)* — 
In exudates suspected of containing this organism, cover- 
glass preparations should be stained by the method for 




Fits. 45.— Di|jhlheria ba^c^illi from r culture on Idood-^erum, stiiin<?d by 
LofRer's methylene-blut solution* ihowing deeply stained poinu ; x aooo 
(Wright atid Brown), 

gonococci (see page 1 47), The presence of brown-stained 
cocci, often in the pus-celis, is practically sufficient for the 
identification of the organism in cases of meningitis. In 
doubtful cases the study of cultures is necessary. It is 
claimed that the nasal secretion in the epidemic form of this 
disease contains the diplococcus. There is no doubt that 
diplococci, decolorizing by Gram's method, and often situ- 
ated in polynuclear leucocytes, are to be found in the nasal 
secretion of certain cases of this disease, but whether their 
presence is pathognomonic of cerebro-spinal meningitis is 
not yet determined. The material for examination h best 
obtained with the platinum loop from the superior portions 
of the nasal cavities. 
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Bacillus Diphtheriae J — Bhad-scntm. — Round, elevated, 
smooth colonics of the color of the medium. They may attain 
a diameter of 2 mm. after forty-eight hours in the incubatun 

Morphology, -^^^6X\x varying markedly in size and shape, 
of irregular outline^ and showing great variability in the 
staining of different parts of their protoplasm (Figs, 45. 46)* 
The presence in a palely tinted rod of deeply stained 
granules and points, frequently situated at the extremities. 




Fig* 46*— Diphtheria bacilli from a culture on blood-^erMoi, sta^ined by 
LSffler's met!iylene-blue soluUoit, showing lorig and irreguUriy shaped furms 
of the bacillus, a& wetl as the irregularity of siajning ; X aooo (Wrighl and Brown). 

and the occurrence of irregular forms, often club4ike in shape 
\^*ith a constriction in the middle, are appearances which are 
ver>^ characteristic of the bacillus when grown upon blood* 
serum and stained with I.offler*s mcthylene-blue solution. 
Its morpholog}' and staining peculiarilics are so characteristic 
when cultivated upon blood-serum that the microscopical 
examination is in most casea sufficient for its identification. 

* U&mer: Mittk. n. d. Kais. GfrnmUeiiuimit, BcL t, 1SS4; Rqux and Vcr- 
iln % AnnaifM dt rimiifmi Pmtmr, T. 2^, tS^«^ 
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When grown upon other culture-media than blood-serum, 
however, its mnrpholo^and staining peculiarities are not so 
characteristic, and they may var>^ markedly in different media* 
Stained by Gram's method. Not motile. 
BtmiiiotL — ^Grows usually in the form of fine grains at the 
bottom of the tube and adherent to the sides, the bouillon 
remaining clear or becoming slightly clouded. The reac- 
tion of the media rapidly becomes acid, but changes to alka- 
line after a variable length of time. 

Pota/a, — Growth not visible to the naked eye- The bacil- 
lus grows, however, to a certain extent, and usually assumes 
very atypical and irregular forms (involution forms). 

Agar-agar and Gelatin. — The growth on these media is 
slower and more feeble than upon 
blood-serum {Fig. 47). It presents 
nothing remarkable. 

Paihogent:sis. — Subc utaneous inocu- 
lations of guinea-pigs are fatal in thirty- 
six to seventy-two hours in the case of 
virulent cultures. The lesions pro- 
duced consist usually of edema, hem- 
orrhage, and fibrin o-puru lent exuda- 
tion about the point of inoculation in 
the subcutaneous tissue, hemorrhagic 
enlargement of the lymphatic glands^ 
congestion and edema of the lungs, 
hemorrhages into the suprarenal cap- 
sules, and less frequently necrosis of 
the liver and pleural effusions. His- 
tological examination of the lymph- 
glands shows marked ** fragmentation ** 
of the nuclei of the cells, giving rise 
to numerous deeply staining globules 
of chromatin scattered throughout 
them. The bacilli are ordinarily 
found only about the point of inocu- 
lation, but cultures from the various 
organs will sometimes show the 
presence of the bacilli in some of them. 




Fig. 47. — Bacillus diph- 
thehse; agar-agar culture 
(photograph by Dr. Hctiry 
Koplik). 
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T&xin-pr0tfmii&n'—Tht effects produced by infection witb the 
bacillus diphtheria: are due to the action of a so-called toxalbunun 
or '* toxin " which the organism manufactures in its growth. The 
poisonous substance is produced in cultures. Its presence niay l>e 
demonstrated by inoculating an animal w^ith a small quantity of 
the filtrate, obtained by passing a bouillon culture some weeks old 
through an unglazed porcelain filtering apparatus, by which all 
the bacteria are removed from the fluid. 

The ''toxin'* is contained in solution in the filtrate. If this 
be fairly rich in ''toxinp** the injection of A c.c. subcutane- 
ously into a guinea- pig should lead to the death of the animal in 
three or four days with the various lesions above described. The 
local reaction, however, is not so marked as in the case of inocu- 
lation with the bacilli. With the ordinary bouillon the produc- 
tion of a great amount of '* toxin ** by the growth of the diph- 
theria bacilli in it is very uncertain. Theobald Smith has recently 
shown that this uncertainty is due to the presence of variable 
amounts of muscle -sugar from the meat used in the preparation 
of the bouillon, and tkit this substance prevents the accumulation 
of toxin. He has found that that bouillon yields the most toxin 
which has the least muscle-sugar in it. He prepares such bouillon 
as follows: " Beef infusion, prepared either by extracting in the 
cold or at 6q'^ C, is inoculated in the evening with a rich fluid 
culture of some acid-producing bacterium (1 use temporarily 
B. coli) and placed in the thermostat. Early next morning the 
infusion, co^-^ered with a thin layer of broth, is boiled, filtered, 
pepton and salt added, and the neutralization and sterilization 
carried on as u?iuaL** This bouillon is placed in two 500 c,c* 
Erknmeyer flasks^ 25^ c-^- ^^ ^^^^ ^^sk. In these, cultures are 
made and kept for at least eight days in the incubator. After 
this time a fair amount of toxin may be assumed to have 
developed, and the contents of the flask are then filtered 
through a porcelain cylinder, A filtrate is to be regarded as 
containing a reasonable amount of toxin if ^ cc, injected 
subcutaneously, kills a medium-sj/ed guinea-pig in three days. 
The filtrate containing the ''toxin*' can be preserved by the 
addition of 0,5 per cent, pure carbolic acid. 

OccurreHce. — The bacillus diphtherise occurs in the local 
lesions in all cases of true diphtheria, in rhinitis fibrinosa, 
and in many cases of the milder forms of acute inflammation 
of the air-passages. It may persist in the mucous mem- 
brane of the throat and nose long after convalescence has 
been established. 

In fatal cases of diphtheria the organism is nearly always 
present in the lungs, and it may be often found by culture- 
methods more or lesii generally distributed in compara- 
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tively small numbers throughout the internal organs. In 
the majority of diphtheria autopsies an invasion of the blood- 
stream by the streptococcus pyogenes, and sometimes by 
other bacteria, may be demonstrated by cultures. The ba- 
cillus may also be found in company with other bacteria in 
ulcerated or excoriated surfaces on the skin, as well as in 
other suppurative processes, in individuals afifected with 
diphtheria, and on the soiled hnen of the patient The in- 
feet ion of wounds with the bacillus dip lit he rise has also been 
observed without coincident diphtheria. 

Diagnosis. — The bacteriological diagnosis of infection 
with the bacilkis diphtherias depends upon the characteristic 
morpholog\' and peculiarities of staining, as well as rapidity 
of growth, which this organism presents when cultivated 
upon coagulated blood -serum. The identification by direct 
cover-glass examination of the exudate is very uncertain. 

The method is as follows: A blood-serum culture-tube is 
inoculated with a small amount of the material from the 
mucous membrane affected, and is placed in the incubator 
twelve to eighteen hours. After this length of time the re- 
sulting growth is examined by cover-glass preparations 
stained either with Loffler's methylene-blue solution or by 
one of the special methods given below. 

The bacillus diphthericE, if present, may then be recog- 
nized and differentiated from other bacteria present in the 
preparation by its characteristic morphology and peculiarity 
of staining, described on page 153, The gross appearances 
of the culture present little that is characteristic, as a rule, 
and the main reliance is to be placed on the microscopic ex- 
amination. Early in the infection the greater part of the 
growth may be made up of the specific bacilli, but toward 
convalescence they fall into the minority. The ordinary 
forms of agar-agar culture are not suitable for use in the 
bacteriological diagnosis of diphtheria, owing to the com- 
parative feebleness of the growth of the organism on these 
media, and because of the fact that its microscopic appear- 
ances when cultivated on such media are not sufficiently 
characteristic* 
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The material for culture is very conveniently obtained by 

means of sterilized cotton swabs. In collecting this material 
the swab is removed from its test-tube and touched to the 
affected areas of the mucous membrane of either the nose or 
throat. It is then to be gently rubbed over the surface of a 
blood-serum culture-tube, or it may be replaced in the test- 
tube and the inoculation of the culture-tube made later in 
the laborator>^ In the latter case the inoculation should be 
made within an hour or two after the material has been col- 
lected, the infected swab meanwhile being prevented from 
drying by firmly replacing the cotton plug. 

In cases with membrane-formation the greatest numbe- 
of bacilli are on the surface or in the upper layer of the 
membrane, and the swab should therefore be touched to 
these portions rather than to the tissue beneath. 

Special M6t±Lods of Staming the BacUlus Diphthatisg* — 

Owing to the tact that the bacillus diphtheria.* may be recogniied 
by its peculiar morpbology and characteristic staining in cover- 
glass preparations from its growth upon certain culture- media, as 
already pointed out, various special staining methods have been 
devised for accentuating and rendering more striking to the eye 
the peculiar deeply stained points and granules in the bodies of 
the individual bacilli, which have been referred to as of great im- 
portance in the identification of the organism. 

These special methods of staining are said to be of great advan* 
tage in cases where only a few specific bacilli may be suspected 
to be present among a large number of other bacteria. 

Nfhser^s Method, — i* Stain for one to three seconds in a solu- 
tion which is made as folloH-s: i gr^im of methylene-blue (Grtje- 
bier), in powder, is dtssoJved in 20 c,c, of 96 fier cent, alcohol, 
To this add 950 c.c. of distilled water and 50 ex. of glacial acetic 
acidt and filter 

a. Wash in water. 

3, Stain for three to five seconds in a solution of vesuvin 
(Bismarck brown), made by dissolving 2 grams of the dye (in 
powder) in ioqo ex. of boiling distilled nater. 

4. Wash in water, and mount. 

The diphtheria batjili }»tamed by this method appear as pale 
brown rods bearing bluish-black granules, usually of oval shape 
and of a diameter somewhat greater than the rod. The majority 
of the baciiii show a granule at eat h end or at only one end, but 
not rarely three granules arc present, one being near the middle of 
the rod. More granules than these are exceptional (see Fig. 48). 

The bacilli must have been grown on LdflFler's blood-senim 
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medium, coagulated at loo^ C, and the culture must be at least 
nine hours and not more than twenty- four hours old- 

Hunt's Af^thoiL^i. Stain in saturated Aqueous solution of 
methylene -bine one minute without heating. 

2. Wa^sh in water. 

3. Cover with aqueous solution of tannic acid» 10 per cent, for 
ten seconds. 

4. Wash in water* 

5. Stain in saturated aqueous solution of methyl-orange one 
minute, without heating. 

6. \V'ash in water. 

7. Dry, and mount in balsam. 
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Fig. 48.— Diphtheria bacilli from blood-serum cukure stained accorditig to 
Neisser'a method; X 2000 (Wright and Erown). 

By this method the granules^ etc, are dark blue or almost black, 
and stand out very sharply against the light-green coloring of the 
body of the bacillus (see Fig. 49). The solution of methyl orange 
should be freshly prefxired, for it deteriorates in a few days. 

Bacillus of Typhoid Ft^YerJ—S/nanjms • Bacillus 
typbi abdominalis ; Bacillus typhosus; Typhoid bacillus (see 
also Clinical Bacteriology), 

>Eberth: Vtrthim^s Arck. f Pafk. AnaL^V^^, Gr, iSSo; Bd. 83, iSSi; 
Gaffky : Mitth, a, d. Kau. GesundheUs^mt^, Bd, 2, 18S4. 
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Blmd-scrunu — Round, grayish, viscid-looking colonies, 
which may attain a diameter of 2 mm. after forty -eight hours 
in the incubator. 






Fig* 49,— Diphtberift badJli from blciod-aeruTin culture trained according tq Hunt's 
method; x moo (Wright and BrovniL 

Morpkahgy. — Medium-sized bacilli with rounded ends^ 
generally short (Fig. 50), but sometimes long or thread-like^ 



S. 
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Fig, so.— Typhoid hAtiHi from a bouilloo culture, ihowing chamcteristic irri?gu* 
larily In staining nnd vnriabihty in kngth , K 2000 (Wright and Brown). 



and frequently showing faintly-stained, sharply-defined areas 
in their protoplasm (Figs» 50 and 5 1). 
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Gelatin SianL — Broad translucent streak \^^th wavy, 
irregular margins. The gelatin is not liquefied Growth is 




Fig, 51.— Typhoid bacilli fmm a cultufe on pa m 10, sh owing unsiained ureoA l^ 
ihe bddiU and polar granules; x aooo (Wright and Brown), 

slower than that of the bacillus coli communis in the same 
medium. 

An isolated colony, slightly magnified, on gelatin, is shown 
in Fig. 52- 




Fig, 53. — Bacilliis of typhoid fever : superficial colony two days oH< as seen 
upon the surface of a gelaiin plaie; x 3^ (Heim), 

Giucasc-gelatin Slab. — Growth all along the line of inocu- 
lation in the form of confluent spherical grayish colonies, and 
on the surface about the point of entrance of the platinum 
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wire in the form of a circular translucent grayish layer- No 
production of gas-bubbles. No liquefaction. 

Glucose Agar-agan — Grouch similar to that in the pre- 
ceding. No gas-formation. 

Uinms-miik. — No visible change. 

Potato. — Growth occurs, but it is usually invisible. 




Fig* S3 —Typhoid batiHi, from a culture on ag&r-«gQr, showing flflgellfl. from a 
prcrparation siamed by Dr. Hugh WilUams: x Jooo \ WrighT attd Brown K 

Duft/iam's Pi^ptou Soitttion. — No indol-production^ — r. e, 
no red color appearing in the twenty- four- to forty -eight- 
hour cultures after the addition of 5 drops of concentrated 
sulphuric actd, c. p, and 1 cubic centimeter of a solution of 
sodium nitrite, i : lo.coo. 

Afotiiitr. — Ver>* marked. 
U 
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Flagdla (Fig. 53) may be demonstrated by the special 
methods of staining described elsewhere. ^H 

Decolorized by Gramas method. Does not form sporea^^ 

BouiiioH. — Cioirded, with the formation of some sediment. 
The clouding of the medium is not so marked as in the case 
of the bacillus coH communis. In general, the growth of the ' 
typhoid organism is not so vigorous on culture-media as is. 
the growth of the bacillus coli communis. ^H 

When to a bouillon culture a smalt quantity of the bloo^^ 
serum of a typhoid-fever patient is added, the bacilli lose 
their motility and aggregate in clumps (''serum reaction ")| 

Pathogenesis. — ^The inoculation of animals is usually wit^ 
out results if moderate quantities of the organism are used. 
Sometimes, how^ever. death occurs apparently from the 
effects of the toxic material injected. 

Ocoirr^nee. — Found in the spleen in large numbers at 
autopsies in typhoid fever. Its presence may also be demon- 
strated in the intestinal lesions, rose spots, mesenteric lymph- 
glands, liver, bile, kidneys, urine, and blood of the heart. 
As a rule, the number of bacilli found in the liver, kidneys, 
and blood of the heart is small. In the bile they may be 
numcrou.s and may persist in it for a long period of time 
after the disease has subsided. In some cases the urine con^ 
tains enormous numbers of the bacilli, ^^ 

The typhoid bacillus may also occur in the suppurativa 
sequelae of typhoid fever, especially those involving bones. 
In these conditions ^ however, it may be accompanied by the 
pyogenic cocci. Occurs in contaminated water 

Differential Diagnosis between the Bacillue of Typhoid 
Fever and the Bacillus Coli Communis. — The most im- 
portant points of difference between these two organisms are 
as follows, and to distinguish with certainty between them it 
is necessary that attention be paid to all of them : 

Afoti/iif. — The typhoid bacillus is actively motile, the 
bacillus coli communis not motile or exceptionally motile. 

FtHato Ciiituns, — The typhoid bacillus usually grows in- 
visibly, the bacillus coli communis as a dirty, slimy layer. 
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GaS'Pmduetion m Media canfaimng Glucose. — The bacillus 
coll comnumis produces cjas, the typhoid bacillus does not. 

Utmus^imlk Cultures. — The bacillus coli communis changes 
the blue color of the medium to a pink color and usually 
coagulates the milk. The typhoid bacillus produces no 
visible change. 

ImM-production. — The bacillus coli communis produces 
indol, the typhoid bacillus does not. 

Serum iw Clump Reaethn. — The ty^phoid bacillus shows 
the clump reaction, while the bacillus coli communis does 
not As it is not always possible to have a typhoid serum 
at hand by which to determine whether this reaction is 
present, a stock of dried blood from a typhoid case, con- 
tained in filter-paper, may be kept ready for use. That this 
is quite practicable has been recently shown by Dr Mark W. 
Richardson^ The blood may be obtained from the heart at 
the autopsy of a typhoid-fever case by soaking a piece of 
filter-paper with it. This is allowed to dry, and then is cut 
into pieces about i cm. square. When it is desired to make 
the test, one of these pieces is extracted with ten or fifteen 
drops of water, and a drop of this extract is mixed with a 
drop of an eighteen* to twenty-four-hour bouillon culture 
on a slide, covered with a cover-glass, and examined with 
the high-power dry lens, Dr, Richardson has found tliat 
the blood under these conditions retains for months its 
"clumping' power with reference to the typhoid bacillus, 

Otlier diffcremes are — the production of a red color in 
Ittmus^lactose agar-agar by the bacillus coli communis, and 
no change in color of this medium by the t>'phoid bacillus, 
and the slower and less vigorous growth of the typhoid 
bacillus in culture-media. 

The Blood-aerum Beactton in Typhoid Fever.^ — A few 
drops of the blood of a suspected case of t^-phoid fever are 
collected in a small test -tube, either from the finger or the 
ear. After clotting has taken place, transfer a drop of the 
serum by means of a medicine- dropper to lo drops of a recent 
bouillon culture of the typhoid bacillus. After mixing, place 
a drop of the mixture on a slide, cover it with a cover-glass, 
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and examine it with either an oil-immersion lens or a high- 
power dry lens. If desired, the mixture may also be ex- 
amined as a hanging-drop preparation. 

The preparation should be observed for at least twenty 
minutes. If clumping has not occurred in this time, the 
reaction is said to be absent. This is the procedure em- 
ployed in the laboratory of the Massachusetts General 
Hospital. If the patient has typhoid fever, the majority of 
the baciUi on the preparation will be seen to lose their 
motility and to agglomerate into clumps withm a very 
few minutes. This constitutes the serum-reaction. It is 









^ 






I-'IG, 54 — siiivLng the clumpiDg of typhoid bacilli in the scrum-icacHon. 
Wet preparii.!! > i stained. At one point a ere n a ted red blQo<iHcorpii5cle is 
seen (Wright and Hrown ), 

only demonstrable, as a rule, after the first week of the dis- 
ease. The bouillon culture used should be grown at room- 
temperature and should not be more than four or five days 
old. Before carrying out the test it is well to assure one*s self 
that the bacteria are actively motile by examining a drop of 
the culture as above indicated. The stock cultures of the 
typhoid bacilli are best made on agar-agar. 

The reaction may also be obtained from the dried blood. 
A few drops of the blood may be collected on a glass slide 
or a piece of paper and allowed to dry. It may then be 
brought to the laboratory, where as much of the dried blood 
as would correspond to a drop is scraped from the slide into 
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a sniaJl test-tube, containing ten drops of a bouillon-cuUure 
of the typhoid bacillus, or as much of the paper as may be 
assumed to contain one drop of blood is placed in ten drops 
of the bouillon culture and allowed to soak for a few minutes 
therein. Microscopical examination is then made with the 
mixture thus obtained as above indicated, 

CultivaUon of the Typhoid Bacillus from Bose Spots. — 
Dn Mark W. Richardson, of Boston, uses the following 
method: The skin is first washed with corrosive sublimate 
and then with alcohol and ether. The skin about the spot 
is then frozen with ethyl chlorid and a small crucial incision 
made in it The wound is immediately scraped with a ver>^ 
small curette, and with the material so obtained a bouillon 
tube is inoculated. It is not to be expected that the bacil- 
lus will develop in every culture so made. 

Cultivation of the Typhoid Bacillus from the Feces. — 
Piorkowski has devised the follmving culture-nicdium for 
this purpose : To a quantity of urine of a specific gravity of 
1020, which has acquired an alkaline reaction by standing, 
0.5 per cent of peptone and 3.3 per cent of gelatin are 
added This mixture is heated over a water-bath for three- 
quarters of an hour, and immediately filtered and distributed 
in test-tubes in the usual manner. 

The medium in the tube should be sterilized by steam 
only twice^ fifteen minutes on the first day, and ten minutes 
on the second day. 

In platen: ultures from the feces made with this medium 
the colonies of the typhoid bacillus appear in v^ry irregular 
shapes provided with filamentous processes, and thus may 
be distinguished from the colonies of other bacteria. 

Bacillas CoU CommtmisJ^ — Synonyms: Bacterium coli 
commune; Colon bacillus. 

Bhod-Simm. — Rounded, grayish- white, slightly elevated, 
viscid-looking colonies, which may attain a diameter of 
3 mm. after tw^enty-four hours in the incubator. 

Morphohgy. — A medium-sized bacillus with rounded ends, 
often short or even coccus-like, but may grow in long 

* Eichciich: h'^rtuhr. iL M^thfjn, 1885, No*. l6j tj* 
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forms. Faintly staining, sharply defined areas are present 
in the protoplasm (Fig. 55). 

Gelatin Slant. — Grayish translucent strip with wavy mar- 
gins. The gelatin is not liquefied. Growth is more rapid 
than in the case of the typhoid bacillus, 

A single colony on a gelatin plate is ishown in Fig. 56. 

Glucose-gelatin Sia^. — Growth along the line of stab in 
the form of confluent spherical colonies, and on the surface 
about the point of entrance of the needle as a thin gray 
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Fjg, 55.— Bacilli coli communis from a bourlloTi cuUun;. sliowing the if regularity 
of stammg of the bacillus; x aooo {Wnght and Brown). 

circular layer. Gas-bubbles are produced in the gelatin 
from fermentation of the glucose. The gelatin is not 
liquefied, 

Glucase-agar-agar Stab. — Growth essentially the same as 
in the preceding, except that the gas-formation is more 
marked. 

Z,;m//j^-/;/i/.^,— ^Turned pink and usually coagulated 

Potato, — Dirty grayish or brownish, viscid-looking layer. 

Dun/iam's Pepton Solution. — Marked indol-production. 
This is shown by the appearance of a red color in the cul- 
ture after the addition of 5 drops of concentrated sulphuric 
acid, G. p.^ and 1 c.c. of a ! : 10,000 solution of sodium 
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nitrite. The culture in the pepton solution should have 
been at lea^^t twenty- four hours — or, better, forty-eight hours 
— in the incubator before the test is made, 

Mcfti/f/p — Usually not motile, but some varieties show 
sluggish independent movement. 

Fiagiiia. — May be demonstrated by the special methods 
of staining. They are less numerous than in the case of the 
typhoid bacillus. 

Decolorized by Gram's method. 

Boiiiiiim. — Markedly clouded with formation of a sedi- 
ment. The clouding is more marked than in the case of the 
typhoid bacillus. 




Fig, S^, — BbcjJIus cob communis : superliLiAJ colony iwo days old uptm a geU- 
tin plate; x ai (Helm). 

Laeiosi^^iitmus-agar-agar Siant — Grow th has a pink colorp 
and the blue color of the medium is changed to red. 

PiUiwgenvsis, — '* Its virulence as tested upon animals is 
variable, but is generally manifest only after inoculation of 
large doses, which kill by intoxication rather than infection '* 
(Welch). 

The lesions produced arc not sufficiently charactenslic to 
be detailed here. 

OtairrrMff. — Occurs constantly in the intestinal canal, and 
is widely distributed in the external world 

**The colon bacillus is a frequent invader of the internal 
organs in all sorts of diseases, especially when there are in- 
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testinal lesions. It manifests no evident pathogenic action 
in most of these cases, and is then without clinical signif- 
icance. It occurs frequently associated with other bacteria 
in infected wounds and other inflammations of exposed sur- 
faces. Here also it does not usually appear to cause serious 
disturbance. The fact that the colon bacillus is so common 
and widely distributed, and found so often as a harmless in- 
vader, should lead to much caution in [nterpreting the sig- 
nificance of its presence when it occurs in definite lesions. 
There is no doubt, however ^ that it may be pathogenic for 
man. It plays an important role in inflammations of the 
urinarv^ tract and biliar%' passages; also, but usually with less 
independence, in peritonitis and appendicitis. 

*' The list of diseases in which it may be found is a very 
long one and includes inflammations in all organs and parts 
of the body. In general its pathogenic properties are of a 
mild character. One of its leading roles is to invade terri- 
tory^ already occupied by other bacteria or previously 
damaged. It may be concenied in the production of gall- 
stones, in the interior of which it has been found by the 
writer with great frequency " (Welch, Dennis*s SysUm of 
Surgi*rj\ vol. i.). 



The bacillus above described is to be regarded as a type of a 
group of liacilli constituting the so-called '* colon group*' of 
bacilli. These present certain quantitative differences among 
themselves which are not quite sufficient to characterise them as 
distinct species. 

Welch regards as belonging to this group the BadihiS pyegt^nes 
fa^tidus, distinguished by the stinking odor of its cultures, and 
the Baciilus iactis airogates^ which is chnracteri^ed chiefly by its 
plumi^r form, its more energetic gas -production, its rapid coagu* 
lation of milk, and its denser growth in cultures. 

Theobald Smith' suggests that only those Ibrms may be re- 
garded as typical members of the group which gro\v on gelatin 
in the form of delicate bluish or more opaque whitish expansions 
with irregular margin, which are actively motile when examined 
in the hanging-drop from young surface -colonies taken from gela- 
tin plates, which coagulate milk within a few days; grow upon 
potato either as a rich-pale or brownish-yellow deposit, or merely 
as a glistening J barely recognizable layer, and which give a drs- 

* Amer. Jaur. Med. Sa.^ Sep!,, 1895, 



BA€TEA'IOLOG/CAL METHODS. 



169 



tijict indol- reaction* Their behavior in the fermentation^tube^ 

must confonn to the following scheme : 

* The fenneiilatlun-lube Is a fi].Teci^l fonn of culture -lube which may be 
cibtaincfl frcHm dealcn in baa criu logical supplies, The dosed branch of the 
tube should be campletely tilled with ctiLttire-Buld, but do more Buid should 
be placet] in the tube rban can be convetiiently heJd by llie open bra»icb of the 
tube, m that if gas be formed in ihe closed branch the culture-fluid will um be 
forced out of the apparaius. The bubbles which coMecl at the top of ihe closed 
bfancht after heating during slerili^tation, should be removed by an ftppropriate 
tilting of the tube. Theobald Smith,* who was the (irst to demonstrate the 
great value of the reniienlaiioii4ube in bacteriology', thiis de^ciibe^ tiic mode 
^f its use I 

*' The tubes are kept, after inoculation, in the thermosUit at 37° C, A mark 
made on the sides of the closed branch at the end of every twenty-four houis 
with a glasA pencil furnishes an appro?iimate record of the rale of gas-produc- 
lion. Unless this i^ done it is impis&ible to know prect&ely when the fornialion 
of gis is at an end, and also whether or not the volume of gas has been dimin* 
iahcd by ab^r^ition. It is best to wait four or five days after the prbduction 
has ceased befone making a tinal esc ami nation. This is done by noting the 
condiljon of the growth, the reaction of the fluid in the bulbff ^^d the maxi- 
mum quantity of gas produced. This is most easily done by laying directly on 
the tube a i^lass millimeter rule, and noting the tube length occupied hy gas. 
The entire length of the closed branch is al&o noted , making due allowance for 
the upper convex extremity and the lower constriction. This mode of meas- 
urement is sufficient, since only comparative values are desired. For the same 
reason all barftmctric and Ihennomctric corrections are omitted in these approxi- 
mate estimations. 

*' The examination of the gas produced was limited to the determination of 
the *^iuiniity of carbon dbxid and of the explosive character of the gas remiun- 
tug after the atisorjition of CO, by sodium hydrate. These facts are determined 
by the following simple manipulations : 

"The bulb is completely filled with a a per cent, solution of NallOt and 
closed lightly wHh the thumb. The fluid is shaken thoroughly with the gas, 
and allowed to flow back and forth from hulb to closed branch and the reverse 
aevera) tiines^ to insure inlimatc contact of the CO^ with the alkali, Ijistly, 
(tf/ifre rfm&tfimg iki iAmm^, a// th* gm u aUim^td ta coHect in Me riaitii hrmnck 
so thai none may cAcapc when the thumb b removed. If CO, was pre^^ent, % 
partial vacuum in the closed brsinch Cftmcs the fluid to rise suddenly when the 
thumb IS removed. After albwiog the layer of fnam to sutnide somewhat, 
the gloss scale b again applied to the closed braiiclu and the amount nf CHj 
absorbed may thus he measured. In nil cuhures *4 this character thus far cs- 
ammed the ga^* remaining was cKplo*»ve in character, and probably hydrogen » 
Tb« eiplosive character of this residue is eajiily demonstrated us follows: The 

• 7^Mt IViidtr QH&rtrrCmttity Bi^k, Ithaca, 1S9J, pp. 1S6, tS;, 

t The reaction was noted by placing a drop of the fluid on debcste htmuf 
paper. The cuhurcs were occasional ly bt>ilc*i to drive off any CO,, In mj 
case did the reaction with the litmus pa(>er change^ 
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Variety a. One jjer cent, dextrose-bouillon (at ^-f C). 

Total gas, approximately 1/2 ; H/CO;, approximately 2/1 \ 

reaction strongly acid* 
One per cent- lactose-bouillon : 
As in dextrose bouillon (with slight variation). 
One per cent, saccharose -bouillon : 

Gas- production slosver than in the preceding, lasting from 
seven to fourteen days. Total gas finally about 2/5; 
H/CO;, nearly 3/2. The final reaction in the bulb may 
b€ slightly acid or alkaline, according to the rate of 
gas-])roduction. 

Variety ^, I'he same in all respects excepting as to its behavior 

in saccharose- bouillon. Neither gas nor acids are formed 

in it. 

Tlie Detection of the Bacillus Coli Communis in Water. 

— The presence of bacilli ofthe '^ colon group "in water is to be 

regarded as good evidence of pollution with fecal material from 

man or animals. 

Tbeob€ild Smith*9 Method/ — A ceriain quantity of the water 
is added **to every one of ten fermentation -lubes containing a 
I per cent, dextrose-bouillon. This is added most easily by first 
diluting the water » so that 1 or z ccm. are equivalent to the 
qiianiity which it is desired to add to each tube. Pipettes grad- 
uated by drops are convenient, but not so accurate/* ''When 
gas begins to appear in the fermentation- tul>es the amount accu- 
mulated at the end of each twenty- four hours should be marked 
with a glass pencil on the tube. From lliese tubes, which con- 
tain 50 to 60 per cent, of gas on the third day, and are very 
strongly acid, plates may be prepared to confirm the indications 
of B. coH. This, however, is not essential, for the writer has 
found as yet no species having these fermentative characters 
which is not one of the following : B. €oii^ B. iactis aero^enes^ 
B. enteritiiiis, B. iyphi mttnttm, /?. choitrm suis. The three last- 
mentioned species are probably as rare in water as B. hf/wms 
itself/' 

Bacillus Ttiberculosis.^ — Symonfms: Tubercle bacillus ; 
Bacillus of Koch, 

Biochi-scrnm, — After three or four weeks in the incubator 
the colonics appear as dry, cream-colored, granular, slightly 
elevated patches with irregular margins, i to 2 mm, in diam- 

cotton jilug ts replace d» and ibe gns iii ihe c\mt.^\ branch allowed lo flow itito 
the bulb, and mist with ibe air there present. The plug is then removed, and 
a lighted match inserted into the momb of the bulb. The intensity of the ex- 
plosion varies with ihe quantity of air present in the bulb,'* 

^ Am^r. Jmif". Med. Sri., Sept., 1S95. 

' Koch: Btriin. kUn, HWAfttif/tr.t Ko. 15, 1SS2; if/i/M. ft. d. Kais. Ge- 
lundhfitmmtf, Bd. 3* 1884. 
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eter They may become conflyent, to form a dense dr>% 
granular mass with irregular surface and of a creamy -white 
color. The growth is very friable, but coherent, and may 
be picked up in clumps on the platinum wire. The first 
generation from tissues is ver>' slow in developing, but suc- 
ceeding generations grow more rapidly, and may form a 
wrinkled, dry, cream-colored membranous layer on the 
surface of the medium. 

Morpheiogj. — Slender rods, usually shorter than when 
observed in sputum, and in fresh cultures staining homo- 
geneously; tn older cultures presenting a segmented or 
irregularly stained appearance. They frequently occur in 
pairs of short rods and in closely adhering clumps and 
strands. When once stained with fuchsin or gentian-violet 




Fkj* 57,— Branched mbercle hmWM from sputum ; x 3000 (Wright and Br«Wf*K 

they are not decolorized by treatment with Gabbct*s solution 
or with a 20 per cent sokition of any of the mineral acids, 
followed by alcohol. In the sputum of pulmonary tuber- 
culosis the bacillus sometimes occurs in filaments which 
branch. On this account the organism is considered by 
many to belong to the group of the streptothrices (sec 
p. 2(6). 

Stained by Gram's method. Not motile. Docs not form 
spores. 

Glycerin Agar-agar Shtut, — Growth similar to that on 
blood-serum, but not so vigorous. By continued inoculation 
of this medium through a number of generations, however, 
the organism may eventually grow luxuriantly upon it. 

Giyeenn BauUhn. — Growth on the surface in the form of 
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floating patches or as a membrane similar in appearance 
to the growth on blood-serum. The growth sinks to the 
bottom from time to time. The giycenn-bouillon culture is 
best contained in Ehrlcnmcyer flasks, filled to such a depth 
as to give a wide surface to the fluid and thus permit the 
access of plenty of oxygen to the growth. 

P&hUt?.' — The growth is not remarkable. 

Agar-agar or bouillon not containing glycerin is not suit- 
able for the cultivation of this bacillus. 

Paf/n^^iyh'sis. — The inoculation of guinea-pigs or rabbits by 
any method is followed by the development of general mili- 
ary tuberculosis. Guinea-pigs are most susceptible. These 
animals usually survive about two or three months, with 
marked emaciation. The lesions in the spleen and liver in 
the guinea-pig are characterized by extensive areas of ne- 
crosis not confined to the tubercular tissue, large parts of 
these organs being transformed into a firm yellow , opaque, 
friable material, 

holatkm of the Bacillus Tubtrculosis from Tubercular Le* 
sions, — The best method of procedure is to inoculate a guinea* 
pig subcutaneously in the abdominal wall with tubercular 
material, and after four to six weeks, when the inguinal lym- 
phatic glands have become enlarged, to kill the animal. 
The object of killing the animal ^ rather than allowing it to 
die spontaneously^ is to secure fresh tissue and to avoid the 
chance of an invasion of the lesions by other bacteria. 

Cultures on blood-scrum, or on glycerin-agar ** slant '* 
tubes, are then to be made from the tuberculous lymphatic 
glands of the inguinal and retroperitoneal regions of the 
animal. A number of tubes are to be inoculated, say three 
or four, from each of the tn^o or three glands, a large quan- 
tity of material being spread upon the surface of each tube. 
Great care is to be exercised to avoid contamination with 
other bacteria in preparing these cultures. The culture- 
tubes used should contain freshly prepared moist medium, 
and immediately after inoculation should be sealed air-tight 
to prevent evaporation. This may conveniently be done by 
first cutting off the projecting portion of the cotton stopper 
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and inserting a cork into the mouth of the tube in such a 
way as to push the cotton stopper before it. 

In order to prevent the invasion of fungi from the cotton, 
the neck of the tube should be heated in the Bunsen flame 
until the cotton begins to brown before inserting the cork, 
which should also be charred in the Bunsen flame before In- 
sertion. The tubes may also be sealed with wax or paraffin 
or covered with small rubber caps. 

Cultures may also be made from other organs containing 
tubercular lesions, but the lymphatic glands seem to offer 
the best examples of large tubercular foci, and therefore are 
preferred for the purpose in view. 

The tubercular lesions in human tissues are not ordinarily 
favorable for the isolation of the bacillus, on account of the 
frequent presence of other bacteria in them and because of 
the small number of tubercle bacilli usually present in tissue 
otherwise suitable. 

We have found the firmly coagulated, opaque blood-serum 
medium above mentioned to be quite adequate for the cul- 
tivation of the bacillus from its lesions, both in man and 
guinea-pigs, 

A sfieaai cuihire-mfdiutn for the cultivation of the bacillus tu- 
berculosis is that recommended by Lubinski, Its composition and 
mode of preparation are as follows — to make one liter of medium : 

Take i kilo of potato in small pieces^ and, after thoroughly 
washing, cook in the steam sterili/er for three or four hours with 
1500 c.c. of water. Of ihe mass thus formed take 1000 c.c*, 
and add to it 500 grams of fmely chopijed beef, and allow it to 
stand in the cold for twenty- four hours, then boil the mixture for 
a few minutes and filter. Add to the filtrate i to 1.5 |)er cent. 
agar-agar, and boil until the agar-agar is thoroughly dissolved. 
This will require say half an hour's boiling, Nexr add i per cent, 
pepton and 0,5 per cent, sodium chlorid. When these are ihor- 
oughly in solution, and after about five minutes' continued boiling, 
the mixture is to be neutralized with sodium hydrate solution, 
boiling meanwhile. When brought to the proper reaction it is to 
be filtered, and to the filtrate add 4 per tent, glycerin. The 
medium is then to be run into test-tubes and sterili?:ed as in the 
rase of agar*agar. The loss by eva|X)ration in boiling is to be 
made up with water. 

A bouillon may be also made by leaving out the agar-agar. 

Another spt^iai cuiturt-meifimn is that recommended by Ca- 
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paldi. This consists in mixing with flind agar-agar in tubes, at a 
temperature of 45° C, three or four large loopsful of the yelk 
of a fresh egg to each tube. When the portion of the yelk taken 
is thoroughly mixed with the fluid agar, the tube is placed on its 
side, and its contents allowed to become solid by cooling so as 
to form a *' slant." In securing the yelk aseptic precautions must 
be used. The egg must be tjuite fresh. By suitable manipulations 
the yelk is to be freed from the '* white " and placed in a small, 
clean dish. Then the yelk- membrane is to be seared with a hot 
knife and an opening made in it. Through this opening the yelk 
is obtained with the loop. Before using the culture-tubes so pre- 
pared, they should be tested as to their sterility by placing in the 
incubator for twenty- four hours. 

Orcurtence. — In tubercular lesions generally and in the 
sputum of pulmonary phthisis, in the urine in many cases 
of genito-urinar}'^ tuberculosis, and in the feces in intestinal 
tuberculosis. The tuberculosis of cattle is generally con- 
sidered to be due to this organism, while the tuberculosis of 
birds is probably due to a different variety. 

Does not multiply outside of the body except in cultures. 

May occur on the surface of objects contaminated with 
the excreta of tuberculous individuals or in the dust of places 
inhabited by such individuals. 

Diagnosis, — For clinical purposes the tubercle bacillus 
may be identified in cover-glass preparations by means of 
the special methods of staining given below. 

These methods, as well as many others, depend upon the 
fact that the bacillus tuberculosis, when once thoroughly 
stained with an aniline dye, docs not give up its stain in the 
presence of acids, as nearly all other bacteria do. The ba- 
cillus tuberculosis may therefore be identified even among a 
mixture of other bacteria by this property, taken in connec- 
tion with its morphology, in most of the routine work of the 
pathological laboratory. Practically, the only other bacilli 
with which it may be confounded are the bacillus of leprosy 
and the smegma bacillus, both of which, when stained, re- 
sist the decolorizing action of acid. It may be diiTercntiated 
from the smegma bacillus by the fact that it is not decolor- 
fzed by alcohol (95 per cent,) after the usual treatment with 
acid, while the smegma bacillus is decolorized under these 
circumstances. 
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As a rule, the diflTercntial test with alcohol need only be 
applied in the examination of urine and the material derived 
from about the external genitalia, especially in the case of 
females. 

The differentiation from the bacillus of leprosy by certain 
quantitative differences in staining reactions has been at- 
tempted, but it is very un«)atisfactor>% and it is doubtful if 
there is as yet any reliable method of distinguishin[^ between 
these two or^^anisnis, considered by themselves- 

Examination of Sputum for Tubercle Bacilli/ — 
The morning sputum should be taken for examination. Se- 
lect one of the dense, grayish -white particles, and with the 
aid of small pointed forceps or the platinum wire rub it over 
the surface of a cover-glass, breaking it up as much as pos- 
sible. The material should be spread in a ver>^ thin layer 
The preparation is next to be " fixed '' in the ordinary way 
described for cover-glass preparations (see p, 92), and is 
then to be treated as follows: 

I. Stain in carbol-fuchsin solution^ steaming for one 

1 According to Jochmann,* the tubercle \^c\\\\ in sputttm and urine may be 
nude to multiply, and ifau^ \x more easily found, by tnixiug the sputum or urine 
wUh a culture Buid of the following compofiitton, and placing the mixture in 
tlie incubator for twenty- four hours t 



« NvhntdT Heyden," 


S; 


Sodium chlorid. 


s; 


Glycerin, 


y>i 


Water, 


1000; 


Lntlic acid (i per cent. solution)t 


to 



This duid must be AtedUi'ed at in the case of other culture-ioedia. to c.c. of 
<putum sre mixed with 20 ex. of this fluid, and after the mtxture hsu stood for 
twenty four hours in the ineuhdlor 5 ex. of pure carbolk acid are added. The 
nti suture \% then shaken and ihc sediment examined, 

In the case of urine, the sediment obtained by the centrifuge is mixed with 
sufficient of this cuh tine-fluid to fill the cemriTu^e tul>Ci wbkb i» then placred in 
the incul^**tor for twenty four hours. The sediment i* then 10 be examined. 

The virtues of this culture -flu id arc said to He in its property of preventing 
the r^pid multiplication of bacteria other than the tubercle baeilluii. llie ta> 
bercte haciilus, b«m*ever, does not grow on it u well a^ on glycerin-ngar or 
blood -acrum, 

♦ ifygifniif^t Rrnmifstkau^ No. 20. igoo» and No, 1, 1901 
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minute over the Bunsen flame, with the staining solution 
thoroughly covering all the surface of the cov^er-glass. 
None of the surface of the cover-glass should be allowed 
to become dry by evaporation, as this causes a precipitate 
to form* but more of the staining fluid should be added 
from time to time to keep it completely covered as evapo- 
ration occurs. The object of the heating is thoroughly to 
impregnate the bacilli with the dye, 

2. Wash in water. 

3. Cover with Gabbet*s solution for twenty seconds. The 




Fig, 5 8. -"Tubercle bacilli in sputum (carbol-fuchsitt and raethykne-bluc). 

solution should also be applied to the uncharged slide of the 
cover-glass to remove any dried stain which may have col- 
lected thereon. 

4, Wash thoroughly in water. 

5. Mount in water or balsam. Water is to be preferred, 
for the reason that the apparent size of the bacilli is larger 
when examined in water 
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Another method is as follows ; 

1. Stain in carbol-fuchsin solution or aniline^fuchsin solu- 
tion in the manni-T above indicated, 

2. Wash in water 

3* Decolorize in a solution composed of — 



Hydrochloric acid, 
Alcohol (70 per cent.), 



3 parts; 
97 " 



until the preparation has a faint pink color. 

4. Wash thoroughly in water. 

5. Stain for thirty seconds with Loffler's melhylene-blue 
solution without heating. 

6. Wash in water and mount 

By both of these methods the tubercle bacilli are stained 
red, while other bacteria and the nuclei of cells arc stained 
blue (Fig. 58), There are other methods for staining tuber* 
cle bacilli, but these fulfil all the requirements of practical 
work. 



Tubercle bacilli, when prese/t/ ifi sfutum in very smaii numbers ^ 
may sometimes be demonstrated by methods of sedimentaEion, A 
good means of sedimentation consists in heating the sputum in a 
test-lube either with boiling water or in the steam sterilisEer for 
Mimn minutes. The heat coiigulates the cells and albuminous 
constituents, which sink to the bottom, carrying with them the 
haciUt. The supernatant liquid may then be poured off and the 
sediment examined as above. 

Another method of treating the sputum when only a smalt 
numl^er of bacijh may be present is as follows : Place 10-15 *^'^' 
of the sptitum in a wide -mouthed bottle of 100 c.c. capacity. 
Add so c.c, of water and 6 ex. of Itquetied carbolic-acid crystals. 
Closr the flask with a mbl^er cork and shake for one minute. 
After shaking, fill the bottle with water and shake again. Then 
pour the contents of the bottle into a sedimenting glass, let stand 
for twelve to twenty-four hours, and examine the sediment The 
cover 'glass j >re para t ions of the sediment before staining are to be 
washed m ether or chloroform, and then in alcohol, or they may 
be washed in a mixture of alcohol and ether, equal parts. 

In a very few cases of gangrene of the lung bacilli like smegma 
bat illi have been found in the sputum. These may be mistaken 
for tulxrrclc bacilli {tiiie anit). 

12 
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Tubercle Bacilli in UrineJ— The sediment of the urine 
should be examined This may be rapidly thrown down by 
the centrifuge. 

In urine, smegma bacilli may be mistaken for tubercle 
bacilli, especially in the urine of females. The smejjma 
bacillus resembles the tubercle bacillus very closely in form, 
and, like the latter, it retains its stain in the presence of acids. 
It differs from the tubercle bacillus, however, in that it is de- 
colorized by alcohol Therefore in staining for tubercle 
bacilli in the urine alcohol should be used in decolorizing. 
The procedure is as follows : 

1. Make a cover-glass preparation from the sediment. 

2. Stain with carbol-fuchsin solution for one minute, as 
described in the case of sputum, 

3. Wash in water 

4. Decolorize with either of the decolorizing solutions 
given above for sputum, proceeding in the manner there 
described. 

S- Wash thorou*,rhly in water 

6. Wash in alcohol (95 per cent,) thirty seconds. 

7. Wash in water, 

8. Stain witli Lofflers methylene-blue solution twenty 
seconds, without heat. 

9. Wash in water and mount. 

The presence of tubercle bacillus in urine may also be 
shown by the results of the inoculation of a guinea-pig with 
the sediment. 

Surreal TuberctllosiS- — The demonstration of the tu- 
berculous nature of material removed at operations may be 
made by the histological examination, by the demonstration 
of the tubercle bacilli on cover-glass preparations, as in 
sputum, and by the results of the inoculation of guinea-pigs 
with the material. Cultures are not ordinarily practicable. 

^\\Ki cxammatian of c(W€r-glas^ preparatiom is commonly 
of little value, owing to the small number of bacilli usually 
present 

The histohguai examinatmi may be often made very sat- 

' Sec fqot-noie, p. 175. 
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isfactorily by frozen sections of the tissues. If possible, how- 
ever» regularly hardened and imbedded tissues, cut in fairly 
thin sections and stained with hematoxylin and eosin, are 
preferable. 

The hweulathn 0/ gmnra-pigs is to be made subcutane- 
ously in the abdominal wall, either with a hypodermic syr- 
inge if the material is fluid, or, if it be in the form of tissue, by 
inserting a small piece beneath the skin. Material obtained 
on a swab may also be used for inoculation by introducing 




Fig. 59^ — Biciltus of kprO«x : »ciioii through a sub<2uutief>ii« ncKl«, lowing th« 



the infected swab beneath the skin and moving it back and 
forth a few times. If tubercle bacilli are present in the ma- 
terial, the animal will show enlargement of the inj^uinal 
lymphatic glands in about three weeks and will usually die 
of miliary^ tuberculosis in the ct>urse of six to ten weeks. If 
necessa^>^ the glands in the inguinal region may be examined 
histologically after three weeks for the presence of tubercu- 
lar lesions, or examined by cover*glass preparations for tu- 
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bercle bacilli. The discharges from sinuses, etc. may also 
be tested for the presence of tubercle bacilli as above indi- 
cated, the material being obtained on a " swab." 

leprosy. — The bacillus of this disease shows essentially 
the same staining reactions as the bacillus tuberculosis. In 
sections of the lesions tlie bacilli are found in large numbers, 
mostly inside the tissue-cells (see Fig. 59). 

SpiriUum of Asiatic Cholera (Comma Bacilltis).^— 
Alorphohgy (Figs. 6a, 61). — In fresh cultures the organism 
appears usually as a slightly curved rod somewhat shorter 

pi %^. * :#^- • 4 

t^- ''4'.' -VSC-^ /v -J 
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Fig. 60,— Spirillum of Asiatic cholem. from a bouiUon culture three weeks old, 
showing long and di?getieraie tomn : X loqo (Frankel as^d PfeifTcr). 

than the tubercle bacillus, but much thicker. The curving 
of the rod varies, being very marked in some individuals 
and absent in others. Sometimes two rods are joined end 
to end with their convexity pointing in opposite directions, 
or moderately long, undulating threads may be found. It 
seems probable that the curved rods represent the segments 
of a spirillum, and hence the name of the organism. 

In cultures some days old degenerated and atypical forms 
are found (involution forms). The organism is motile, and 
a single flagellum is attached to the end of the rod 
* Koch; Deutsche mtd. Wochmsckr,, 1884 and 1885, 
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It is not stained by Gram's method. 

O^hnia oh Gtiatin Plait $ (Fig. 62). — After twcnty-four to 
forty-eight hours at a temperature of 20° to 22*^ C. the 







Fig 6t.— Spirillum of AsiAtic cholera, showmg the flagelk; x looo {GUnther). 

largest colonies will appear as masses of indefinite granular 
material lying in circular areas of Hquefied gelatin in which 
granular shreds are scattered. Within the next twenty-four 
hours the areas of liquefaction increase, and the colonies ap- 



• 
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Fl<1. 6a-— iVvelopineotflLl imgf?^ of tolooie* of ibc spirillum of Aibtic cholefa 
rtt 30^ (o 33° C tm griatiii , x iLboul 75 diameters^ (Abbotl) : a, after sijttwn to 
e(glilren lit>urs; A, iificr iwenly*four !tv tw^^nty-iit houn ; r, after thiriv*e'ighi; to 
fijrty hours, d, after larty-eight 10 fifty hours ; *. afirr sixty -four to icvcnty hour*, 

pear under the low power "as a dense granular mass sur- 
raundL-d by an area of liqucractitm through which can be .seen 
granular prolongations of the colony, usually extending ir- 
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regularly betvi'een the periphery^ and the central mass** (Ab- 
bott), while the margin of the liquefied area is marked by 
delicate radiating filaments closely packed together 

The colonies on agar-agar plates are not characteristic. 
Growth is rapid. 

Gdatin Stab. — Growth all along the line of inoculation 
with liquefaction at the surface in funnel form after forty- 
eight hours. The hquefaction proceeds in such a manner 
that the liquefied area has a smaller diameter at the surface 
than immediately beneath, and, owing to the fact that the 
liquefied gelatin does not fill the cavity, a space is left be- 
tween the surface of the medium and the surface of the lique- 
fied gelatin so that the appearance of an air-bubble is pro- 
duced. Along the deeper portions of the line of inoculation 
the Hquefaction is slow. 

Bouillon. — Diffusely clouded. A thin pellicle forms on the 
surface after a time. 

Litmus-milk. — Turned red and coagulated. 

Indol'Production. — In cultures in Dtmham's pepton solu- 
tion or in the pepton solution of Koch (2 per cent, pepton 
and I per cent, sodium chlorid) a rose-color is produced by 
the addition of sulphuric acid alone. (Concentrated c. p, 
acid is to be employed, as in the test for indol-production by 
the bacillus coli communis.) The production of the rose-color 
without the addition of the sodium nitrite shows that nitrites 
as well as indol are formed by the growth of the organism 
in the pepton solution. The reaction can be obtained in 
cultures which have been but eight hours in the incubator 

Potato. ~^\\\\\\ dry, grayish-white growth wdiich does not 
spread over the surface. 

Pathogenesis. — The pathogenic effects of the cholera 
spirillum are best shown by tJie inoculation of guinea-pigs. 
There arc two methods of inoculation, as follows: 

L The Method of I^eiffer. — Scrape from the surface of a 
fresh agar-agar culture as much of the growth as will adhere 
to a platinum wire bent into the form of a small loop. Sus- 
pend this amount of material in i c.c. of bQuillon, and iiiject 
the suspension into the peritoneal cavity of a guinea-pig 
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by means of a hypodermic syringe. With virulent cultures 
this inoculation soon produces a fall in the temperature of 
the animal, which continues and becomes more marked, 
death occurring in from twelve to twenty-four hours. At 
the autopsy of the animal a clear fluid will be found in the 
peritoneal cavity and in the thorax. 

2, The Method of Koch, — This depends upon the fact that 
the animal may be infected through the alimentar}^ canal, 
provided the acidity of the gastric juice be neutralized, this 
acidity being destructive to the cholera spirillum. 

A soft catheter is passed into the stomach of the animal 
through the mouth, and through this 5 c.c. of a 5 per cent 
solution of sodium carbonate is injected. After ten or fifteen 
minutes 10 cc. of a bouillon culture of the organism are in- 
jected through the catheter, and immediately afterward the 
animal receives subcutaneously 1 ex. of the tincture of 
opium for every 200 grams of its body-weight. The object 
of this opium administration is to stop peristalsis, so that the 
organisms may be longer in contact with a given area of 
the mucous membrane of the intestine. The result of the 
inoculation first appears after about t%venty-four hours. The 
animal then has no appetite and is listless. Later, paralysis 
of the hinder extremities appears, respiration is prolonged 
and weak, the heart-beats become feeble, and the body-tem- 
perature may become subnormal Death usually occurs 
after the animal has been a few hours in this condition. 

At the autopsy the small intestine will be found to be in- 
jected and containing a flocculent colorless fluid in which 
comma bacilli are present in great numbers. 

Serum Rtaiiion.—^hoXttB, spirilla cease their motion, and 
aggregate together in clumps and masses when a bouillon 
culture of them is mixed with the serum of an animal immu- 
nized toward them. This phenomenon is called the serum 
reaction. Moreover, if cholera spirilla be placed in the peri- 
toneal cavity of an immuni;£ed guinea-pig, they will rapidly 
undergo disintegration, and will be destroyed. This is called 
Pfcifler's phenomenon. 

Oimrnnii\ — In iht alvinc dejections and in the intestinal 
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contents of cholera patients (Fig. 63). It apparently only 
rarely invades the circulating blood. Its presence in the 
vomitus may sometimes be shown. It has been found in the 
water-supplies during epidemics. 

The cholera spirillum is the representative of a large group 
of spirilla, many of which may be found in river waters. 
According to Abbott and Bergey. the only trustworthy 
method of distinguishing some of these from the true chol- 
era spirillum is their failure to manifest a "clump reaction " 
with the serum of an animal immunized to infection with the 
true cholera spirillum. 



^ 
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Fig. 63.— Cover-glass preparation of a mucous floccuk in Asiatic cholera,; X 65^ 

(Vicrordt). 

Bacteriological DiagrnoBlsJ — Because of the manifold chan- 
nels which are ojjen for the dissemination of this disease it is 
of the utmost importance that its true nature should be recog- 
nised as <iuickh' as possible, for with every moment of delay 
in its recognition opportunities for its spread are multiply- 
ing. It is esseniiaJ, therefore, when emjiloying bacteriologicaJ 
means in making the diagnosis to hear in mind those biolog- 
ical and morphological features of the organism that Dpi>ear 
'most quickly under artificial methods of cultivation, and which 
at the same lime may be considered as characteri^ic of it — viz, 
its peculiar morphology and grouping ; the much greater rapidity 
of its growth over that of other bacteria with which it may be 

' Abbott : PriHcipla y Bafirrioh^*. 



BACTERIOLOGICAL METHODS, 



185 



associated : the characteristic appearance of iu colonies on gela- 
tin plates and of its growth in stab- cultures in gebtin \ its i)roi>eny 
of producing indol and coincidently nitrites in from six to eight 
hours in pepton solution at 57° to jS^ C- ; and its power of causing 
the death of guinea-pigs in from sixteen to twenty-four hourewhen 
introduced into the i)eritoneal cavity, death being preceded by 
sympiomj* of extreme toxemia, characterized by prostration and 
gradual and continuous falling in tem|>erature of" the animal's body* 
In a publication recently made by Koch' he cailed attention to 
a plan of procedure that is employed in this work in the Institute 
for Infectious Diseases in Berlin. In this scheme the points that 
have been enumerated are taken into account, and by its employ- 
ment the diagnosis can be established in the majority of cases of 
Asiatic cholera in from eighteen to twenty-two hours. In general, 
the steins to be taken and the points to \>t borne in mind are as 
follows. The material should be examined as early as possible 
alter it has been jxissed : 

1. Microscopic examination. From one of the small slimy 
particles that will be seen in the semill!uid evacuation prc|>are a 
co^^er-slip preparation in the ordinary way and stain it. If, uj^on 
microscopic examination, only curved rods or curved rods greatly 
in excess of all other forms are present, the diagnosis of .\siatic 
cholera is more than likely correct ; and i>articularly is this true 
If these organisms are arranged in irregular linear groups, with the 
long axis of all the rods pointing in nearly the same direction ; 
that is to say, somewhat as minnows arrange themselves when 
swimming in schools up stream (Koch)* 

In 1886, Weisser and Frank' expressed their opinion upon the 
value of microscopic examination in these cases in the following 
terms : 

{a) In the majority of cases microscopic examination is suf- 
ficient for the detection of the presence of the comma bacillus in 
the intestinal evacuations of cholera patients. 

(A) Even in the most acute cases, running a very rapid course, 
the comma bacillus can always be found in the evacuations. 

(*-) In general the numl^er of cholera spirilla present is greater 
the earlier death occurs ; when death is post|xined and the disease 
continues for a longer jxTiod^ their number is diminished, 

(</) Should the jiatient not die of cholera, but from some other 
disease, such as typhoid fever, that may l>c engrafted upon it, the 
comma bacilli may disap|>ear entirely from the intestines. 

2. With another slimy flake |ire(iare a set of gelatin plates. 
Place them at a temperature of irom 20^ to 22"^ C, and at six- 
teen, twenty*two, and thirty -six hours i*l»serve the appearance of 
the colonies. Usually at aljout iweniy-two hours the colonies of 
this organism can easily be identified by one familiar with them, 

3. With another slimy flake start a culture in a tube of j^pton 
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solution — either the solution of Dunham or, ^^ Koch proposes, a 
solution of double strength of that of Dunham (Witte's pepton is 
to be used, as it gives the best and most constant resuitsV Place 
this at 37^ to 38^ C, and at the end of from six to eight hours 
prepare cover-hlifis from the /////r /(/lyrj: (without shaking) and 
examine them microscopically. If comma bacilli are present and 
capable of multiplication, they will be found in this locality in 
almost pure culture* After doing this prepare a second pepton 
culture from the upper /ayi\r, also a set of gelatin plates, and with 
what remains make the test for indol hy the addition of 10 drops 
of concentrated sulphuric acid for each 10 c.cm. of fluid con- 
tained in the tube. K comma bacilli are growing in the tulie, 
thf rose color characteristic of the presence of indol should 
appear. 

By following this plan *'a bacteriologist who is familiar with 
the morphological and biological peculiarities of thin organism 
should make a more than pro/nflfie diagnosis at once by micro- 
scopic examination alone» and a /^wZ/rr diagnosis in from twenty 
to^ at the most, twenty-four hours after beginning the examination'* 
(Koch). 

There are certain doubtful crises in which the organisms are 
present in the intestinal canal in very small numbers, and micro- 
scopic examination is not, therefore, of so much assistance. In 
these cases plates of agar-agar^ of gelatin, and cultures in the pep- 
ton solution should be made. 

The plates of agar-agar should not be prepared in the usual 
way, but the agar -agar should be poured into Petri dishes and al- 
lowed to solidify, after which one of the slimy particles may be 
smeared over its surface. The comma bacillus tieing markedly 
aerobic, develops very much more readily when its colonies are 
located n\>on the surface than when they are in the deptiis of the 
medium- A point to which Koch calls attention in connection 
with this step in the manipulation is the necessity for having the 
surface of the agar-agar free from the water that is squeezed from 
it when it solidifies, as the presence of the water interferes with 
the development of the colonies as isolated points and causes 
them to become confluent. To obviate this, he recommends that 
die agar- agar be poured into the plates and the water allowed 
to separate from the surface at the temperature of the incubator 
before they are used. It is wise, therefore, when one is liable 
to be called on for such work as this to keep a number of 
sterilized plates of agar-agar in the incubator ready for use, just 
as sterilized tubes of media are always ready and at hand. The 
advantage of using the agar plates is the higher temi>erature 
at which they can be kept, and consequently a more favorable 
condition for the development of the colonies. As soon as iso- 
lated colonies appear they should be examined microscopically for 
the presence of organisms having the morphology of the one for 
which we are seeking, and as soon as such is detected gelatin plates 
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and cultures in pepton solution (for the indol reaction) should be 
made. The pepton cultures started from the original material 
should be examined microscopically from hour to hour after the 
sixth hour that they have been \w the incubator. The material 
taken for examination should always come from tuar Mi* surf ace 
of the fluids and care should be taken not to shake the tube- As 
soon as comma bacilli are detected in anything like considerable 
numl>ers in the upper layers of the flu id, agar-agar plates and 
fresh pepton cultures should be made from them. The colo- 
nies will develop on the agar-agar plates at 37° C, in from ten 
to twelve hours to a size sufficient for recognition by microscopic 
examination^ and from this examination an opinion tan usually 
be given. This opinion should always be controlled by cultures 
in the peptou solution made from each of several single colonies, 
and finally the test for the presence or absence of indol in these 
cultures. 

In all doubtful cases in which only a few cun^ed bacilli are pres* 
ent or in which irregularities in either the rate or mode of their 
development occurs, pure cultures should be obtained by the 
agar-plate method and the method of cultivation in jitepton solu- 
tion as soon as possible, and their virulence tested uf>on animals. 
For this purpose cultures upon agar-agar from single colonies 
must be made. From the surface of one of such cultures a good- 
sized wire-loopful should be scraped, and this broken up in about 
t c.c, of bouillon, and the suspension thus made injected by 
means of a hypodermic syringe directly into the peritoneal cavity of 
a guinea-pig of about 350 to 400 grams weight. For larger animals 
more material should be used. If the material injected is from a 
fresh culture of the cholera organism, toxic symptoms at once 
begin to appear ; these have their most pronounced expression in 
the lowering of temperature, and if one follows this decline in 
temperature from time to time with the thermometer, it will be 
seen to be gradual and continuous from the time of injection to 
the death of the animal, which occurs in from eighteen to twenty- 
four hours after the ojjeration.^ 

In general, this is the procedure employed at Berlin in the In- 
stitute for Infectious Disease under Koch's direction. 



Bacillus of Anthrax.* — Biomi-semm. — Irregularly 
rounded colonies, several mm. in diameter after twenty-four 
hours in the incubator. The colonies are grayish, finely 
granular, and have the appearance of being made up of a 
dense network of delicate fibrilla;. The blood-scrum is 
slowly liquefied. 

^fmmri BuU, Afa.L M. MhL, tWU. T. viij., 1879; Koch ^ f. OMh^m 
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Morphei&gy. — The organism grows in long segmented 
threads, the segments varying in length, but usually being 
two or three times as long as broad and having square or 
slightly concave ends. These segments represent the bacillus, 
which is among the largest of the bacteria (Fig. 64). 

Pathogenesis^ — Mice, guinea-pigs, and rabbits inoculated 
subcutaneously die with a general invasion of the blood by 
the organism. Mice are most susceptible to the infection, 
dying in about twenty -four hours, while guinea-pigs and 
rabbits survive longer. 




FlC. 64,— Bacillus of a!i!hpEX : pari ion of a colony thr^e days old upon a gelatin 
pkle : X 1000 ( Fninkei and Heiffer). 

In all these animals the most striking lesion is a large soft 
spleen, and in the guinea-pig also an extensive inflammator>' 
edema of the subcutaneous tissues. On microscopic exam- 
ination the bacilli will be found in the organs and blood of 
the heart- If the animal has been dead some time, the 
number of bacilli present in these situations will be very 
great, owing to the post-mortem growth. It is characteristic 
of the bacillus of anthrax in cover-slip preparations from in- 
fected tissues that it should have a narrow capsule (Fig, 65) 
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and show square or slightly concave ends. The capsule is 
not present in cultures. 

Stained by Gram'^ method. Not motile. 

Fi^rms ozHii spores in the middle of the short segments or 
rods. The spores may be seen in blood-serum cultures after 
forty-eight hours in the incubator (Fig. 66). 

Gi'iatin SiaB. — Growth along; the line of stab, with radiat- 
ing filaments extending laterally into the gelatin, which is 
slowly liquefied in funnel form (Fig, 67), 

Bmiil/tm.'^-Grov^'ih in the form of cotton-like flakes and 
filamentous masses. No clouding of the medium. 

Agar^agar. — Matted network of translucent filaments. 
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FJO. 65.— Bacillu* ^\ I.. . ; , , 



. . uise iL. Frothingham). 



Under a lovv^er magnifying power the growth is seen to be 
made up of twisted and contorted masses of filaments, giv- 
ing the appearance of curled hair (Fig. 68). 

Paiiita. — Grayish- white, rather thick, dry layer, having the 
appearance of fr«:>^ted glass. 

Occurrttiix. — In malignant pustules, wool-sorter's disease, 
and intestinal anthrax. Found in the blood of animals dead 
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of anthrax. In man the infection Ls usually localized at 
first at the point of inoculation^ either on the skin or on the 




Fia 6S.—Bad[lus of ajithmx, stained lo show the spores; K looo (Frankel and 

PfeifferK 

mycous membrane of the air-passages or intestinal tract 
Later, a general invasion of the blood may occur and a fatal 




Flu. 67. — Bacillus of tiiitlirast ; gelatin litab-culturt sievpn days old fGUntlier). 

septicemia result. The organism or its spores may be pres- 
ent in wool or hides, and infection may take place from these* 
Diagnosis. — The bacilli may be found by the cover-glass 
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examination of the contents of the small blebs and vesicles. 
The bacillus of anthrax may be identified by its morphology 
(see p. 188), its special characteristics being its large size and 
its square or concave extremities. 

The inoculation of a ntouse at the root of the tail with 
some of the material from the pustule, and the production 
of the characteristic fatal septicemia, will render the identifi- 
cation certain. 




Fig, 6S.— Colony of bacillus yf iinthriLx, slightly magnified (Ftiigge), 

Bacillns Pyocyanens (BacHliis of Green PusK* — 

Colonies on bioati'Strum ^row rapidly, arc not especially 
characteristic tn form, and liquefy the medium, imparting to 
it a dark greenish color. 

Morfihoiogy. — Small bacilli with rounded ends (Fig. 69). 

Decolorized by Grams method (Welch). Motile, and is 
provided with a flagellum at one end. Docs not form spores. 

Giiatin Shib. — ^Liquefaction in funnel form, with green 
fluorescence of the upper portions of the medium. The 
liquefied gelatin is densely clouded, and there may be a 
viscid pellicle on the surface. 

» GesiiM: Anmjl/f JftlmEiitHt Pasftmr, T. 5, 1891. 
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Agar-agar Slab. — A green fluorescence in the upper layers 
of the medium, which later becomes a dark blue-green. 

Potato. — Slightly elevated, brownish, viscid layer. The 
potato in some cases assumes a green color, in others a 
brown color In some cultures the potato when touched 
with the platinum wire takes on a green color at the point 
touched. This is the so-called '* chameleon phenomenon/' 
and it ts best observed in cultures several days old. 

Bouiiion. — The growth is in the form of flocculi and a 
delicate surface pellicle- The fluid acquires a green colon 

Litmus-milk. — Acid reaction with coagulation. 

DHnkams Pepton Soiutitm. — Indol is produced. 

CoimiiesoH Gdatin Piatfs (Fig. 70).— Development is rapid, 
''Young colonies are provided with a fringe of delicate fila- 




¥lQ. 69. — Bacillus pyocyancus showing flagelk, from a preparation stoljied by 
Dr. Hugh WtUmm^; x ^*ooo (Wright afld Brpwn). 

ments about their peripherv'; ... As growth progresses and 
liquefaction becomes more advanced, the central mass of the 
colony sinks into the liquefied depression, while at the same 
time there is an extension of the colony laterally* , , , At thts 
stage the colony, when slightly magnified, may present vari- 
ous appearances, the most common being that shown in Fig. 
70. The gelatin between the growing colonies takes on a 
bright yellowish-green color, but, as growth is comparatively 
rapid, it is quickly entirely liquefied, and one often sees the 
colonies floating about in the pale-green fluid/** 

Patfwgenesis, — Subcutaneous inoculation of guinea-pigs 
and rabbits with 1 c.c. of a virulent bouillon culture may 
produce purulent infiltration and inflammatory edema of the 

* Abbott I PriRd/Ui &f Bacterwlegy. 
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tissue about the point of inoculation, and death may follow 

in eighteen to thirty-six hours. Intraperitoneal inoculation 
may result in a sero-fibrinous or purulent peritonitis with 
fatal result In fatal inoculations the bacillus is found in the 
various viscera, but not in great numbers. Animals inocu* 
lated with small amounts may survive with merely local 
lesions, and an immunity may be produced, 

Several varieties of this bacillus have been described, but their 
diflferences do not seem to be of sufficient importance to justify 
iheir separation into distinct spe<:ies. 
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Fig. 70.^Bacil1us pyoe^aneufi: coLontes upon geljitin (Abbott), 

Occurrence. — " Is widely distributed, occurring often on the 
human skin» in the feces, and outside of the body. In wounds, 
stains the dressings bluish-green and produces a somewhat 
characteristic offensive odor. 

*• Increases suppuration of wounds, usually with little con- 
stitutional disturbance. Is found not infrequently in perfora- 
tive peritonitis and appendicitis, sometimes in phlegmons, 
otitis media, broncho-pneumonia, and inflammation of serous 
tnembranes, associated usually with other bacteria, 

" It was found by H. C. Ernst in tuberculous pericarditis. 
Often found in diarrheal and dysenteric discharges. May 
cause general infection in human beings. With or without 
general infection it may cause hemorrhagic and necrotic en- 
teritis, a form of pyocyaneous infection in human beings which 
we have repeatedly observed at autopsy. Instances of in- 
la 
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vasion uf the body from wounds by the bacillus pyocyaneus 
have not been observed " (Welch). 

Bacillus of Bubonic Plague. — Morphohgy.—lw the 
tissues the organism occurs as a medium-sized short bacillus 
with rounded ends. In cultures its size and length vary 
and its median portion may be swollen so that an ovoid 
form is produced; it may grow in pairs and in chains, 
and it may occur as long, thread-like forms. Involution 
forms of elliptical or round shape, and often of large size, 
sometimes resembling yeast- cells, .are frequent in old cult- 
ures or hi cultures on special media. These involution 
forms are easily produced hy cultivation on agar-agar con- 
taining 2J^ to 1% per cent of sodium chlond 




Fig. 71.— Bacillus of h(jt>onic plague (Yersm). 



Staining, — The organism stains with the usual aniline dyes» 
and is decolorized by Gram*s method of staining. In the 
tissues it stains more deeply at its extremities than at its 
central portions, and it sometimes appears to possess a cap- 
sule. The polar staining may sometimes be brought out 
in cultures by weak staining solutions or by decolorizatio^^ 
by alcohol. It is not motile, and it does not form spores. ^H 

Gi'latin P/atcs.— The colonies on the surface appear afte^ 
twenty-four to forty-eight hours at 22° C, They are flat^ 
round, and white or yellowish white in color. Under a low 
magnifying power the central portion of the colony is gran- 
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ular, while the marginal portion is clean The colonies do 
not spread over the surface of the medium. 

Gtiatin Stad, — Growth all along the line of inoculation 
with the formation of a layer of growth at the surface of a 
whitish colon There is no liquefaction of the gelatin. 

Geiatin S/ants, — A whitish or slightly yellowish layer 
presenting nothing characteristic. 

Agar-agar Piaks. — The colonies on the surface appear 
first as dew-drops, and have already attained their maximum 
development after twenty-four to forty-eight hours in the 




Fig. 73.— Bjicilli of plague aod pliftgiocyies, from human lymphauc gland ; x too 

(AoyRfnOp). 

incubaton They will then grow white in color, and present 
an opalescent or iridescent margin. Under the microscope 
they are distinctly granular. Considerable diflerence in size 
may be observed among the colonies. The larger colonies 
are said to be less virulent for animals than the smaller 
cnlnnies, and it is claimed that these larger colonies when 
transplanted give rise to large colonics again. 

Agar-agar SianL — The colonies tend to become conflu- 
ent, and the growth is somewhat viscid 

B0tiiihn. — ^The fluid usually remains clear, and the growth 
appears in the form of a granular or flocculcnt sediment 
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whicli may liere and there adhere to the wall of the tube. 
In bouillon cultures richly inoculated and retained in a per- 
fectly and undisturbed position at room-temperature for 
some days a characteristic appearance is produced. In ^j 
twenty- four to forty-eight hours islands of growth appeai^f 
underneath the surface in the form of flakes. In the next^^ 
twenty^four to forty-eight hours there grow down into the 
fluid from the flakes long, stalactite-like masses, the liquid 
remaining clear In four to six days the islands of growth 
have become more compact and solidified. If the flask be 
now slightly disturbed, the islands fall to the bottom, bring- 
ing with them the stalactite-Hke growths- The latter are j 
very fragile. In addition to these appearances there is a ' 
deposit of growth on the wall of the flask and at the bottomp 
as well as a ring of growth on the margin of the surface of I 
the liquid, 

J///£— Growth without coagulation. 

No production of indol. 

In neutral litmus bouillon the blue color is changed to xk 

There is no odor, and no pigment production. 

The organism is aerobic. 

It remains alive in cultures for five to six weeks at least 

Growth occurs at all temperatures from 4^ C to 37^ C 
The best temperature for growth is 30*^ to 32° C 

Pathogenesis. — The organism is pathogenic for a great 
variety of animals, including mice, rats, guinea-pigs, and 
rabbits. In these animals death generally follows in from 
two to six days after subcutaneous inoculation. The lesions 
produced arc hemorrhagic edema at the seat of inoculation, 
enlargement of the lymphatic glands with more or less 
hemorrhage, enlargement of the spleen and its follicles. 
The bacilli arc present in large numbers in the enlarged 
lympliatic glands and m the interna! organs; they are less 
numerous in the blood. Rats and certain other animals 
may be infected by feeding. Pigeons, chickens, and cattle 
are immune. 

Occurrence. — The bacillus is found in large numbers in 
the buboes, pustules, pulmonary lesions, and other localized 
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lesions of the bubonic plague. It also may be found in 
larger or smaller numbers in the blood and irilemal organs 
generally, and it may be present in the sputum, bile, and 
alvine discharges. The pus of the buboes which break 
spontaneously may be sterile. The organism may be 
demonstrated in the circulating blood of cases of plague* 

BachTwhgkal Diagnosis. — In cases of suspected plague 
the bacillus is to be sought for in the blood and in the 
buboes. In cases of pneumonia the sputum especially is 
to be examined. In the examination cultures as well as 
cov^er-glass preparations arc to be used. 

Perhaps the most certain method of identification of the 
bacillus is the inoculation of the mucous membrane of the 
nose of the rat. The simple rubbing of a portion of the 
culture upon the mucous membrane appears to be sufficient 
to produce a fatal result in the rat if the culture is that of 
the genuine bacillus. As a culture-medium agar-agar or 
blood*serum is to be used in cases where there is no mixed 
infection. If there is mixed infection of the material to be 
examined, gelatin surface-cultures are to be made. 

The inoculation of animals for diagnostic purposes should 
be made with the greatest precautiott to prevent the spread 
of the disease. 

Bacilltts of lnfi\i^nz^^^Morph0hg_v.—V^ry small ba- 
cilli, with rounded ends and of variable length, sometimes 
growing into long forms, more or less bent or cun cd (see 

Fig* 7i\ 

Stains more deeply at the ends than in the middle, and in 
the long forms shows irregularity of staining. The faintly 
stained areas are ver>' sliarply defined, as in the case of the 
t>'phoid bacillus. 

In cover-glass preparations from branchial secretions fsce 
Fig. 74) the bacillus appears smaller and less plump than 
it does in preparations from cultures. It also does not show 
irregularities in staining, 

Oiitivation, — Does not grow in the ordinaiy culture-media, 
but may be cultivated u\\ agar-agar ''slants,'* the surfaces 
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of which have been smeared with a few drops of sterile 
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FtG. 73.— Influenza badlU from & cuUure on blood-agar ; X aooo (Wright and 

Brov, n i , 




Fig. 74,— Ikn'iili Hjf inlliirri.'.:! ir' .1 leucocyte \n a .j>vi T-^^la^s ^^rrjijiraiion from 
SipUtuii]. A pncuniococcus ulso in the 5:1 me leucocyte and other pncuniocucci 
tne. Tlie small sise of Oie bacillus of influenE.1 will be appsirent by compaTison 
with the pneumococci ; X 3C(00 (Wright and Brown), 

blood. The blood of man, rabbits, guinea-pigs, pigeons, or 
frogs will serve for this purpose, the best growth being 
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obtained with pigeon's blood. The blood may be ob- 
tained from a needle-prick, and spread over the surface 
of the agar-agar by means of the platinum loop. The skin 
should be previously thoroughly washed with alcohol and 
ether, and the first drops of blood should not be used. 
Human blood is best obtained from the lobe of the ear 




Fki. 75.— Bacillus of influenn* colonies on blood agar-ftgar; low ma^ifyinf 
power (PfeilferK 

or from the finger. Tubes thus prepared are only rarely 
contaminated, 

Cohnks. — After twenty- four hours in the incubator the 
colonies appear as minute colorless, glassy, transparent 
points resembling small drops of dew; They never attain 
any size, and do not become confluent They are barely 
visible to the unpractised eye, and require a low magnifying 
[jower to be seen clearly. Under the low magnifying power 
they are translucent, homogeneous, not granular, and cir- 
cular in outline (Fig. 75). 

Decolorized by Gram's method. Not motile. Will not 
grow \sithout oxygen. 
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Patlwgemsis, — The ordinary laboratory animals are not 
susceptible to infection with tliis organism. 

Oc^urrentc. — Found in the exudate of the respirator)' tract 
in influenza, frequently inside of leucocytes (Fig. 74). Ft 
may be present in the small bronchi and in the exudate of 
broncho*pneumonia in this disease, sometimes unaccompanied 
by other organisms. It has been observ^ed in purulent 
meningitis secondary to influenza. 

Diagnosis, — Microscopical examination of cover-glass 
preparations of the bronchial sputum shows very small, 
short, round^ended bacilli, often in very large numbers and 
frequently in the pus-cells. These bacilli frequently occur 
in pairs, and resemble pairs of cocci. Their ends may be 
more deeply stained than the central portions. For the 
staining of cover*glass preparations of the sputum Pfciffer 
recommends that a very dilute carbol-fuchsin solution be 
applied for five to ten miniLites. The cover-glass preparation 
is to be made from a distinctly purulent portion of the 
sputum. Staining with Lofflers methylene-blue solution 
also gives good results. See also W. H. Smiths method 
for staining the capsule of the pneumococcus, page 140. 

The bacillus of influenza may be cultivated from the 
sputum by breaking up a small portion of a distinctly puru- 
lent character in i or 2 ex* of bouillon, and then spreading 
a platinum loopful of the suspension over the surface of a 
blood -agar-agar slant, which is then placed in the incubator. 
After eighteen to twenty-four hours the characteristic col- 
onies may be visible with the aid of a hand-lens. These 
should not grow in ordinary media unless b!ood or hemo- 
globin be present, and should have the morphology of the 
bacillus of influenza. 

BaclUtis of Glanders (Bacillus Mallei),'— i?/^^^^/- 
Jt77/w.~ Rounded, elevaLed, colorless, viscid-looking colonies, 
growing slowly and becoming well developed after thirty-six 
hours in the incubator. They may attain a diameter of 2 or 
3 mm., and after a time they assume a brownish tint, 

Mmphdogy. — Bacilli of medium size, variable in length, 

* Lfiffler: Arbdim &. 4, Kah. G§iHnM€Ummie, lid. I, 1SS6. 
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having round or conical ends, and frequently showing faintly 

stained areas in their protoplasm (Fig^, 76). The larger forms 
of the bacillus are usually slightly bent or wav>^ in outline. 
Slight irregularities in shape may be observed. The mor- 
phology varies considerably on difft^rcnt culture-media. 

In cover-glass preparations from the lesions the bacilli 
usually appear somewhat longer and thicker than the tuber- 
cle bacillus, and show numerous sharply defined, unstained, 
or faintly stained areas in their protoplasm (Fig. 77). They 
have rounded or conical ends, and are sometimes slightly 
irregular in shape. As a rule, they are present in small 




Fig. 76.— Glanden bacilti from a young culture on potato ; X aooo | WriglU &nd 

Brown). 

numbers. If Lofflers methylene-blue solution is used for 
staining the covcr-glass, it should be heated; if carbol- 
fuchsin is used, it should be followed by a slight decolor- 
izalion with 95 per cent alcohol to better differentiate the 
bacilli. 

PotahK — After thirty-six hours in the incubator a rather 
thick, colorless, viscid-looking layer appears, which soon 
assumes a brownish tint and resembles honey in appearance. 
Later the brown color changes to a dark reddish-brown, and 
the growth becomes thicker and more opaque, while the 
potato takes on a dark-gmy color. 

Pailiogemsis. — When inoculated subcutaneously into 
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guinea-pigs the characteristic result is swelling and inflam- 
mation of the scrotum, appearing after a variable number of 
days, often about a week. 

The animals usually survive several weeks, with ulceration 
at the point of inoculation. The lesions produced consist 
in suppurative processes or abscess-formations in or about 
the testes, in the lymph-glands, in the anterior nares, about 
the joints, and in other situations, besides smal! grayish nod- 
ules or areas in the viscera — the so-called "glanders tuber- 
cles/* The suprarenal capsules usually show red areas^ and 
they may be enlarged. On microscopic examination, the 
small nodules as well as the extensive suppurative areas 




Fig, 77. — GLinders bacilli in u ti>vcr-jiliis6 jjjcpa.r;iLioti fr^ni a Sesiun in a 
guinea- pig. showing ihe marked irregularity in the staining of 'the IjacilU ; X aooo 
(Wright and Brown). 

will be found to be composed of necrotic materia) containing 
leucocytes and fragments of chromatin. The distribution and 
extent of the lesions vary with each animal, but the involve- 
ment of the testis or its membranes is practically constant 
and pathognomonic of the bacHlus of glanders. This in- 
volvement of the testis may consist, in early cases, in the 
presence of yellow foci in or about the tunica vaginalis, or 
in later cases the organ may show large yellow areas with 
purulent softening. 

Intraperitoneal inoculation with virulent cuhures may be 
followed by death within forty-eight hours, with fibrinous 
exudate on the peritoneum in which minute grayish nodules 
are seen. The nodules are made up of a material which is 
apparently mainly dead or degenerated leucocytes and des- 
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quamated peritoneal endothelium, together with many chro- 
matin fragments. 

In these acute cases also microjscopical examination of 
the spleen and liver may show the presence of small nodules 
identical in structure with those seen in the more chronic 
cases. For the purpose of producing with cultures the 
characteristic lesions of the testis or its coverings it is better 
to inoculate the animal subcutaneously, for in the rapidly 
fatal intraperitoneal inoculations with virulent cultures these 
may not show any marked changes. 

The bacilli may be cultivated from the lesions, but not 
from the blood of the heart, in the chronic cases. They 
may be present in the blood of the heart, however, in small 
numbers in rapidly fatal infections following intraperitoneal 
inoculation. 

Field-mice may die from subcutaneous inoculation in 
about seventy-two hours- The most conspicuous lesion 
produced is enlargement of the spleen, with the presence in 
it of minute grayish nodules. White mice are immune. 
Rabbits are not so susceptible as guinea-pigs to the infection. 

Decolorized by Gram's method. Not motile. Spore- 
formation not probable. Rate of growth is slow. 

Scutl/on. — Diffusely clouded, with the formation of a vis- 
cid sediment 

Liimus-mi/Jt. — Gradually turned red and coagulated 

Agar-agar ami Giintin. — Growth not especially charac- 
teristic. 

Ocairrmci^. — Found in the lesions of glanders and of 
farcy, and may invade the blood-stream in small numbers 
in acute cases of infection. Grows in the tissues in clumps 
or groups as well as scattered. In lesions on exposed sur- 
faces it may be accompanied by the pyogenic cocci. We 
have succeeded in demonstrating the presence of the bacillus 
in the sputum of a case of human glanders by inoculation 
of a guinea-pig with the sputum. 

Difigtwsis. — In a case of suspected glanders the dis- 
charges from sinuses or ulcerated surfaces, or the contents 
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of pustules, are to be examined for the presence of the 
bacillus of glanders by the usual methods. 

The material for examination may be collected on " swabs/* 
With this a guinea-pig is to be inoculated and cultures and 
cover-glass preparations are made. If the material be from 
sinuses or ulcerated surfaces, the isolation of the bacillus by 
cuhures will be difficult, owing to the presence of other or- 
ganisms. The guinea-pig is to be inoculated in the perito- 
neal cavity by introducing the infected swab into it through 
an incision in the abdominal wall, or by injecting about i 
c.c. of a suspension in bouillon of the suspected material 
into the peritoneal cavity with a hypodermic syringe. 

If the bacillus of glanders is present, the scrotum will 
usually show the characteristic swelling and inflammation in 
the course of three or four days, and death will occur after 
some weeks. In some cases the animal may die in thiity- 
six or forty-eight hours. In any case the characteristic 
lesions of glanders will be found as described elsewhere, 
and the bacillus may be isolated from them by cultures. 
The spleen will practically always yield glanders bacilli in 
pure culture even if no macroscopic lesion can be made out* 

In cultures the organism should show those characteristics 
of morphology, of culture, and of pathogenesis which have 
been described above. 

Bacillus Proteus (Proteos Vulgaris V — Morpkohgy. — 
Bacilli of very variable length, soinetinies appearing like 
cocci or as filaments. 

Motile, being provided with terminal flagella. Does not 
stain by Gram's method. 

Coionks in Geiaiin. — Rapid growth with liquefaction of 
the gelatin. In a medium containing 5 per cent, instead of 
ID per cent, of gelatin prolongations from the margins of 
the colonies may be formed. These may become sep- 
arated from the mother colonies and form daughter 
colonies. Motions may be observed in these prolonga- 
tions. 

Gelatin Stal^. — Rapid liquefaction along the line of inocu- 
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ktion with cloudiness of the liquefied gelatin and a floccu- 
lent deposit. 

Agttr*agar Slatit. — W'idely spreading, thin, moist, grayish- 
white layer, 

PotahK — Dirty white, moist layer. 

Litmi4S-mi/k. — Turned pink and slowly coagulated. 

Odor. — The cultures generally have a putrefactive odon 

PatkogePiesis. — ^Intravenous, intraperitoneal, or intramus* 
cular inoculations of rabbits may produce death in twenty* 
four to thirty-six hours after moderately large doses. Liq- 
uefied gelatin-cultures are said to be more virulent than 
bouillon cultures. Guinea-pigs seem to be less susceptible 
than rabbits to infection with this organism* 

Occurrence. — This bacillus and its varieties are among the 
most common and widely distributed putrefactiv^c bacteria. 
It occurs in the intestinal contents. In pathological exam- 
inations it may be found in peritonitis and in abscesses, 
usually associated with other bacteria. It may also invade 
the circulating blood. 

The so-called ^^proteus group*' includes several varieties of 
similar organisms — ^viz, tht protcus vaigans, Xht protats mirah'iis^ 
and ihepmirus Zcnktri. The latter does not liquefy the gelatin, 
while th.^ pratms mirahiiis li*iuefies it slowly. 

Bacillus Mucostis Cap8tilattis/—^/f^^^^/-^im///.— After 
twenty-four to thirty'Six hours in the incubator the colonies 
appear as translucent, colorless, rounded, convex elevations, 
resembling drops of mucus. If few in number, they may 
attain a diameter of 2-3 mm. They arc viscid, and when 
touched with the platinum wire may be drawn out into 
threads. The water of condensation may become thick or 
viscid from the growth of the organism in it. 

Morphohgy. — Bacilli of moderate size, usually two or 
three times as long as broad, with rounded ends, occurring 
frecjuently in pairs and sometimes iji long forms. Occasion- 
ally in cultures it shows a wide capsule. The capsule, how- 

* Fricaitnder : FffriukriHt drr Mf^trin, 1 88 J, lid 1, S. 715 j C Fricke: 
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ever, is best shown in cover-glass preparations from infected 
tissues (Figs, -j^, 80). 

Pathogemsis.^^^XvXjt mice, rabbits, and guinea-pigs die 
from septiceoiia in a short time after inoculation, the capsule 
bacilli being present in the organs and blood of the heart in 
large numbers. 

White mice die in twenty-four hours to three days. Rab- 
bits inoculated tn the ear-vein and guinea-pigs inoculated in 
the peritoneal cavity may die within twenty-four hours. 

Subcutaneous inoculation of the animals last named 




Fig. 78. — Bacillus mucosus capsulalus, frotii the sputum of a pneutnoiiLa 
patient ; X looo [Fmnkel and PfeiHier). 

leads only to local suppuration. The lesions produced by 
this organism consist in marked congestion of the super- 
ficial veins, hemorrhage into the lymphatic glands, and en- 
largement and softening of the spleen. In the guinea-pig a 
hemorrhagic condition of the supra-renal capsules is present, 
and ill the peritoneal cavity there may be a small amount 
of clear, rather viscid fluid containing the bacilli in large 
numbers. 

The organs on microscopic examination may show pecu- 
liar areas in which the cells and nuclei are shrunken and in 
which the bacilli are aggregated. 
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Decolorized by Gram's method. Not motile. Does not 
form spores. 

Giuiase Agar-agar SfaS, — Growth along the line of inocu- 
lation, with the production of a few gas-bubbles in the medium. 

Bauiiion, — Clouded with the formation of a thin pellicle, 

fbiaio. — Thin, colorless, viscid layer. 

Utnms-mili,^-! iim^d red and coagulated. 

Gtiatin, — Growth not remarkable. 




There apparently exists a number of varieties of aerobic capsu- 
laied bacilli difTering from one another only in non-essential par- 
ticulars, fhe organism here described is to be taken as a type of 
a group of closely -related bacteria of which the ha€iUus pneu* 
m^nim of Friedi^mier is a well- known niember. 

Occurrence. — This organism or closely related forms may 
be met with in broncho- or lobular pneumonia and in inflam- 
matory conditions of the air-passages generally* It may 
also be present in the upper air-passages of healthy individ- 
uals. It has been observed in inflammations of the middle 
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ear, in empyema, meningitis, endocarditis, peritonitis, and in 
pus-formations. In fatal inrections the blood-stream may be 
found invaded by the organism. It is held by some bacteri- 
ologists that the members of this group may be the infective 
agents in genuine croupous pneumonia in rare instances. 
Representatives of this group have been found m the soil, 
in the air, and in contaminated water 




Fig. So.^BaclUus riiucosus capsulaius in blouil ; x itKio (Frankd and Pfeiflcr). 

Bacilltis of Tetanus-^ — This bacillus will not grow in 
the presence of oxygen* 

Morplwi&gy, — Slender rods with rounded ends, which may 
grow into long threads. In the incubator spores are rapidly 
formed. These are round, wider than the bacillus, and are 
situated at the end of the rod, giving the appearance of a 
drum-stick or a round-headed pin (Fig. 85). 

The cohnks in anaerobic glucose-gelatin cultures appear 
after several days as small clumps of interlacing fibrill^ from 
which delicate filaments radiate into the gelatin, which is 
slowly liquefied. 

The colonies in simple anaerobic glucose-agar plate cult- 
ures (see page I2i) appear, after twenty-four to forty -eight 
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hours in the incubator, as groups and masses of long fila- 
ments radiating from a center (Fig. 84)* 

Paih(}g€n£sis. — ^Subcutaneous inoculation of mice at the 
root of the tail gives rise to tetanic symptoms in twenty- 
four hours, followed by death in two or three days. 

Guinea-pigs and rabbits are also susceptible to the infec- 
tion, the period of incubation in these animals being twentj^- 
four to thirty hours in the former and two to three days in 
the latter animal, after subcutaneous inoculation. The symp- 
toms of tetanus appear first in the extremities nearest the 
point of inoculation. In mice the hind legs become rigidly 




Fig. 81,— I cilh showing flagella frcim a prfparanon sitiin^ by Dr. 

.]i \VillJam5 i X 3000 4 Wrighl and Brown). 

extended backward. At the autopsy the bacillus is to be 
found only at the point of inoculation, and may be difficult 
or impossible to demonstrate there. 

Ghn'ose-giiatin Siad. — Growth along the line of inocula- 
tion, beginning 2 or 5 cm. below the surface, with delicate 
filaments radiating laterally into the gelatin (Fig. 8j), Liq- 
uefaction and gas-production occur. 

In (/tr/f-s/it/f cuittins tn ginemc-agar faintly alkaline to 
litmus (see Fig. 82) growth appears first all along the line of 
inoculation to within about i cm* of the surface after about 
twenty-four hours in the incubator. Later, lateral out- 
growths extend into the medium from all along the line of 

H 
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inoculation below a point about i cm, below the surface. 
In the portion of the line of inoculation above this, growth 
is frequently observed up to the surface, but without lateral 
outgrowths. The growth eventually assumes the appear- 
ance of an inverted pine tree. A peculiar feature of the 
culture is the appearance of a brown pigmentation in the 
culture-medium in its upper layers in the form of a flat or 





FiG. 83.— Tetanus tmcilliis, ittab- 
culture in glucose-agnr In the uppfr 
layers of the medium Oie peculiiir 
brownish coloration is shown, 



Ftfi. 83.— Badllus of letanus; six- 
day5-c*kl stab-culture in gLucose-^gctntlii 
fFdinkel and Pfeiffer). 



cone-shaped ?.one. A small quantity of gas may be pro- 
duced 

If the agar has a reaction of about i per cent normal 
acidity to plienolphthalein (see p. 84) growth appears 
along the hne of inoculation and spreads through the 
medium as a cloudiness extending to within a few millimeters 
of the surface. The employment of glucose culture-media 
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not older than a week or so seems to be important for 
success in cultivating this organism. 

In the vegetative form the organism is sluggishly motile. 
It has numerous flagella. It is stained by Gram s method. 

Ghififsc-hnuiioti. — ^Growth appears first, after twenty-four 
to forty-eight hours, as a diffuse cloudiness. Later the 
fluid becomes clear, and a grayish sediment collects at the 
bottom of the tube. Only a small amount of gas is pro- 
duced. 

OccmTvnci\ — Found in the soil, and often in the feces of 
herbivorous animals. In cases of tetanus the bacillus is to 
be found only in the wound or at the point of inoculation. 
It does not invade the blood-current 




Fig. 84. — Colony ctf tetanus batilli in ttnacrolnc glucosc-aiiciLr plme: low itiflg- 
fiiJy iiig ptfwer (Wfigbt and Brown ) 

The bacillus of tetanus acts by the produclion of a *' toxin *' 
or '' ioxiUbmtiinr This is also produced in cultures. It may 
be demonstrated in the bacteria- free filtrate of bouillon cult- 
ures some days or weeks old. A very few drops of this 
fluid will give rise to fatal tetanus in a mouse. 

Method of Isolation. — Tetanus bacilli will grow in aero- 
bic culture if other bacteria are growing with them. Since 
tetanus wounds usually contain other bacteria, all that is 
necessary to obtain an impure culture of the tetanus bacillus 
is to inoculate an ordinar^^ blood -scrum culture-tube (sec 
P^g^ 79) '^^ith material from the wound. After several 
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days or a week in the incubator, if tetanus bacjlli are present 
they can be recognized by cover-glass preparations from 
the growth in the tube by their morphology and spore- 
formation (see Fig. 85). There will also be a peculiar, 
stinking odor about the culture. The isolation of the 
tetanus bacillus is now to be proceeded with as follows: 
Mix a loopful of the mixed growth on blood-serum with 
a tube of sterile bouillon, and heat in a water- bath for at 
least fifteen minutes at 80^ C\, then make anaerobic cultures 
from this (see Anaerobic Methods, page r I9), taking severa^J 
loopfuls for inoculation. ^^ 

If other spore-bearing bacilli are present in the mixed 
culture in the blood-serum tube, it will be necessary to use 



/ 
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FtG. B5. — Spore- Ijenring teianus bacilli in an impure culture on blootl-seTum 
fTom a case of let^niis. In the bacillus on the extreme left the begintiing of 
sixxT-formatlon U shown (Wright and Brow^nj. 

some form of anaerobic culture on a solid medium in order 
to obtain separate colonies of the tetanus bacillus for further 
cultures. 

The bacillus may be isolated from wounds and from the 
soil by inoculation of mice subcutancously, and proceeding 
as above described with material from the seat of inoculation. 

Bacillus Aerogeties Capsulatus.^— Will not grow in 
the presence of oxygen. 

Morphology, — Bacilli of about the thickness of the anthrax 
bacillus, variable in length, but usually 3 to 6;j long. Ends 
rounded or square cut. Occurs singly, in pairs, in clumps, 
and sometimes in short chains^ less frequently in threads 
and long chains. 

1 Welch and Flexner; JimnuiUiJ Expirim. MtJkmt, vul. i. No. i, 1896, 
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May show unstained spots or deeply staining granules in 

tile protoplasm. Capsules may be frequently demonstrated 
in the specimens from the tissues^ and sometimes in agar- 
agar cultures. 

Colonies in anaerobic cultures are grayi.sh to brownish- 
white^ with a central darker spot by transmitted light In 
time they may attain a diameter of 2 to 3 mm. or more- 
Colonies in the depths are spherical or oval, sometimes pre- 
senting knob-like or feather)' projections. 

Effirts im Ammai Tissues, — Not pathogenic for rabbits. 

If a rabbit that has received 0.5 to 1 c.c. of a bouillon 
culture injected into the ear- vein be killed immediately after- 
ward and the body kept for twenty-four hours at a tempera- 
ture of 18^ to 20^ C.J or for four to six hours at a tempera- 
ture of 30^ to 35° C-, the vessels and organs will be found 
to contain a great quantity of gas and large numbers of the 
bacilli. The organism multiplies post-mortem in the blood 
of the animal and produces the gas. This effect upon the 
tissues of the dead animal is characteristic of the bacillus. 

The subcutaneous inoculation of guinea-pigs with young 
cultures may produce fatal gas phlegmons. The hemor- 
rhagic fluid from the dead animal is virulent for other guinea- 
pigs, and may be virulent for rabbits. 

Gas-prodnciwn is marked in agar-agar and gelatin cultures 
containing glucose. The gas produced burns with a blue 
flame and is odorless, 

Gelatffi is liquefied slowly and to a limited extent. 

Glucose Bimilion.—Tyi^VLS^ly clouded at first, later becom- 
ing clearer, with an abundant whitish, more or less viscid 
sediment 

Miik. — Coagulated, the clot being firm, retracted, and fur- 
rowed with the marks of gas-bubbles. 

Potato. — Growth thin, moist, and grayish- white, or it may 
not be visible. 

The bacillus is stained by Gram's method. It is not motile. 
Spore-formation has been observed by E. K. Dunham. 

The vitality of the organism depends upon the character 
of the culture-medium and the mode of cultivation. It sur- 
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vives longer when cultivated by Buchner's method (see 
page 122) than when cukivated under hydrogen. Cul- 
tures on glucose media are shorter lived than those on 
plain media. 

Occurrence. — Occurs at autopsies in which gas-bubbles are 
present in the larger vessels, accompanied by the formati*in 
of numerous small cavities in the liver containing gas. It 
has been found also in emphysematous phlegmons^ in puer- 
peral sepsis, in peritonitis, and in other conditions. 

Bacillus of Malignant Edema.* — This bacillus will 
not grow in the presence of oxygen* 




Fig, 86, — Bacillus of malignaTit edema from the edema fluid of a giiinea-pi^ 
inoculated with garde n -earth ; X iooo(Frankd and Keiffer). 

Morphdogy, — Rather large bacilli, sometimes growing into 
threads (Fig. 86), but occurring frequently in pairs, in which 
the proximal ends are square while the distal ends are 
rounded. Forms oval spores in the middle of the rod, 
which may give the rod a spindle or oval shape. 

The cohnks in anaerobic glucose-gelatin cultures appear 
as spheres of cloudy liquefied gelatin marked by delicate 
radiating streaks. Gas-bubbles are formed in the medium 
(Fig. 87). 

1 Libotius: Zfih^hrift f. Hygiene h. Infecthmskrunkheiimi Bd. i, 1 8 86. 
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Paihogcncds. — Subcutaneous inoculation of mice, goinca* 
pigs, and rabbits is followed by death in from sixteen to 
forty -eight hours, depending upon the animal, mice being 
most susceptible. The typical lesions are extensive sub- 
cutaneous edema containing gas-bubbies and more or less 
blood, and enlargement of the 
spleen. The bacilli arc found in 
the edema, in the viscera, and on 
the serous surfaces of the organs, 
but not in the blood of the heart 
if the examination be made imme- 
diately after death, except some- 
times in mice. The organism is 
not capable of multiplying in the 
Hving blood, owing to the presence 
of oxygen. In inoculating sub- 
cutaneously a deep pocket should 
be made in the skin, and the 
material for inoculation intro- 
duced into the tissue as far away 
from the opening as possible. 
This is to prevent the access of 
too much oxygen to the organism. 

Slightly motile. Flagella may 
be demonstrated by special stain- 
ing methods. 

Decolorized by Gram's method* 

Growth in anaerobic agar-agar 
and bouillon culture is good, but 
not characteristfc. 

Occurrence. — Widely distributed in the soil and in putre- 
fying substances. Only a ver>^ few cases are on record of 
infection in man by this bacillus. 

Actmomyces. — The proper classification of the micro- 
organism known as actinomyces is somewhat uncertain. 
The published descriptions of various examples of it vaiy 
widely, and have led to much confusion. 

It is probable that some of the micro-organisms cultivated 




¥%G, B?.— Badllas nf malig- 
nant edeitia; colonics throwing 
in glucose gcUi in (I'rilnkcl and 
Prciffer). 
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and described as actinomyces were not such, but were con« 
taminations or secondary invaders of the tissues. 

Probably the best opinion to-day considers actinomyces 
to belong to a group of micro-organisms which, on account 
of their branching, are regarded as more highly developed 
than are the bacteria, but which are not so highly organ- 
ized as are the moulds or hyphomycetes. The members 
of this group, of which a number are known, are named 
streptothrices. While there is some objection to this name, 
it seems to us to be satisfactory* 




FtG. 88. — AcMnopiiyces granule crushed beneaih a 4.uvtr-i^Usa, &hovhing 
radUl srriations in ihe hyaSine ma5<s*js. PrepfcaraUon not stained ; low mag* 
nifying power (Wright and Brown )« 

The organism appears in the pus from subacute or chronic 
suppurative lesions of the disease actinomycosis, as grayish 
or yellowish granules, usually less than i mm. in diameter. 
Sometimes these granules are aggregated in groups of two 
or three, and thus appear as lobulated larger granules. 
They are friable, and when gently crushed beneath a cover- 
glass and observed under the microscope, they are seen to 
have been broken up into hyaline rounded masses, at the 
margins of which, on close inspection, fine radial striations 
or filaments or hyaline club-shaped bodies, all closely set 
together, may be seen (Figs. 88, 8g). The club-shaped 
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bodies are variable in size, and are composed of a hyaline, 
rcfringent substance. The appearance of radial st nation in 
the i^ranule. when obsen^cd with the micro5coi>e, due to the 
presence and radial arrangement of these hyaline bodies, 
=tve rise to the name " ray-fungus'' for this parasite. Not 
■all of the granules have these " clubs/* In the granules 
obtainud from the lesions in man they are much less fre- 
quently observed than in those obtained from the lesions in 
cattle. 

If a cover-glass preparation be made by breaking up one 
of the granules and staining with Gram's method, there will 
usually be found, upon examination with an oil-immersion 
lens, isolated and matted filament:^, many of which may be 




Fig. 89.— a portion of an acrin^^imyces granule crushed beneath a cover* 
gtoss, showing Ihe "eIuIk." The prirparation noi stained; iiio4erately high 
twagtiifyltig po^tT (Wright and Browrj). 

seen to branch, in addition to longer and shorter frag^ments 
of filaments and fine detritus of the same (Fig. 90). The 
filaments are usually more or less wavy in their course, and 
are, as a rule, slightly thicker than the tubercle baciUus. 
Some of the filaments will be found to stain homogeneously; 
others do not stain so deeply^ and show numerous deeply 
staining points in their substance. If clubs are present in 
the granule, they also may be found scattered throughout 
the preparation. 

In sections of the tissues stained by Gram's method two 
chief forms of granules are found. In one of these forms 
the granule is seen to consist of filaments embedded in a 
hyaline substance, and usually arranged at the periphery 
in an indefinite radiate manner (Fig. 91)* At the margin 
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of the granule the filaments are usually much more numer- 
ous than in the central portions, where the hyaline material 
predominates. This hyaline material apparently consists 
of degenerate or dead filaments or their remains. The 
other form of granule seen in sections is distinguished by 
possessing at its margin a row of closely set radiating club- 
shaped bodies composed of hyaline substance which does 
not stain by Gram's method (Fig, 92). These are the 
** clubs '* previously mentioned, and they may occupy more 
or less of the circumference of the granule. In certain 




FIG. 90.— Branching aciinomyces fi lain e tits in n covcr-gk^ prepfxmUon 
made from aji acUnomyces granule stained by Grain '^ method; x iom> (Wright 
and Uruwn/. 

instances a Gram-staining filament may be seen in the cen- 
tral portion of a club. The main mass of this form of 
granule is not essentially different from that of the first- 
mentioned form. The characteristics of both forms of 
granule may be found in some granules. 

The club-shaped bodies are to be regarded as products 
of degeneration of the marginal filaments. 

In some cases isolated or small groups of filaments may 
be found scattered among the pus-cells in the lesions. 

Cultures. — Actinomyces grows best in the incubator. On 
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tile surface of slant tubes of blood-serum and agar-agar the 
organism grows in larger and smaller grayish-white, shining, 
elevated colonies. If the colonies are few in number, they 
may attain a diameter of several millimeters, with highly 
elevated^ irregular central portions and thin, wavy, marginal 
portions. If the colonies are very numerous, they may be 
confluent, and form a grayish granular layer. Growth on 
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Fig. 9s. — Colony Of gmnulc of aelmomyces in a section throv: 
ihowmg the Gnttn-stAined ftlampnis aiiil liyaline material and Also Wr _ . i^ 
surroundittg the colony { Wnght and Browne 

the surface takes place raorc rapidl)^ and with a develop* 
ment of more numerous colonies if the culture be kept 
under anaerobic conditions, the maximum of growth being 
obtained in about a %veek. 

In stab-cultures in sugar-agar the colonies appear as 
grayish granules along the line of inoculation. 

In bouillon the organism grows in the form of grayish- 
white, friable granules or clumps at the bottom of the tube. 
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The maximum of growth is obtained in about four or five 
days under *aerobic conditions. The culture-fluid is never 
clouded 

The morphology of the organism in cultures is subject to 
considerable variation. 

In bouillon-cultures it grows in the form of longer or 
shorter filaments which sometimes may be seen to branch. 
Scattered along the filaments are sharply defined, deeply 
staining, oval or raundt!d areas accupyiiv^ the whole diam- 




Flr„ 93. — Colony or granule of actinomycea in a section through a Jesioa* 
showmg the peripheml nrFHnKemersi of the " duhs. " In several itisrance^ the 
centml stained filaments in the " clubs " are seen; X 750 f Wright and Brown). 

eter of a filament Clubs are never observed in cultures, but 
sometimes round or oval swellings may be seen at the ends 
of the filaments in the older cultures. 

In cover-glass preparations from cultures on solid media 
the organism appears as longer and shorter rods, often more 
or less fusiform or club-shaped, and as slightly wavy fila- 
ments of variable length, sometimes segmented. 

Diagnosis, — The finding of the granules in suspected pus 
may be facilitated by spreading the pus on a slide. 
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The identification of the organism is made certain only 
when the granules have been found to present the appear* 
ances described above after crushing undt^r a cover-glass, 
and after cover-glass preparations made from them and 
stained by Gram's method show the branching filaments. 

Mycetoma (Madura Foot). — Mycetoma is a chronic 
inf[ammator>* process, most commonly affecting the tissues 
of die foot, in which suppurative nodular swellings, sinus- 







FtQ. 93,— MvL _ . x frM=n ihc leiions. The 

bittck rounded cetitral mass represents llie brownish hvAlitic refringeni substance 
In which the fungus elements hit embedded* Oiwii i^elb and gran ulAiiiin -tissue 
are &howii | Wright »nd Brown). 

formation, and enlargement and distortion of the parts are 
prominent features. The bones may become involved and 
undergo a rarefying osteitis. 

The affection is characterized by the presence in the dis- 
eased tissue and in the discharge from sinuses, of peculiar 
granules, usually not more tlian one millimeter in diameter, 
but sometimes larger. These granules in certain cases are 
of a black color » of irregular shape, and are hard and rather 
brittle. In general they resemble grains of gunpowder In 
other cases the granules are whitish, grayish, or yellowish in 
color, and are of a soft or cheesy consistency. They have 
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been compared to fish-roe in appearance, A ver>^ few cases 

are also recorded in which the granules were of a red color. 
There is no good evidence to show that more than one kind 
of granules are ever present hi any one case of the disease. 




Fig. 94, — Mycetomii: fun^iL^ t'leineTii^ from a black granule afier maceration; 
high luagnilyitig power 1 Wright and Brown )► 

On account of the fact that at least two ver\^ different 
kinds of granules are found associated with the lesions, two 




Fig. 95.— Mycetoma^ shgwing the outgrowth of hyphu? from one of Ihe black 
gmnules after pLatittng in Huid culttire-metlLum (Wright and Brown), 

varieties or forms of the disease are recognized : the " mela- 
noid" or black variety, in which the granules are black, and 
the '* ochroid '* or pale variety, in which the granules are 
white to yellow in colon 
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The pale variety is probably actinomycosis of the part, 
the ** melaiioid '* or black variety is clearly not actinomycosis, 
and the parasite belongs to the hyphomycctes, a very dif- 
ferent class of organisms from that to which actinomyces 
belongs. 

The disease occurs frequently in India and some other 
sub-tropical countries. It is extremely rare in temperate 
climates. 

Wright has studied a case of the black variety of the dis- 
ease, and upon the results of this study ' the following descrip- 
tion of the parasite is based : 




Fig, 96.— M^cetoma^ showing details of the struciyre of the hyphae developed 
frtrm the bUck granules (WrigJii and Bfipim). 

The black granules, characteristic of this variety' of the 
disease, consist of a hard, rather brittle, amorphous, brownish 
or black substance in which a fungus mycelium is embedded 
(Fig. 93). These fungus elements may be demonstrated by 
macerating the granules in a stron^j solution of alkali or 
sodium hyposulphite. This disintegrates the granule and dis- 
solvea the brown embedding substance. The fungus ele- 
ments obtained from the granules by this maceration are 
shown in Fig. 94. 

^J^ttra^/ i/ Ejrp^nm. MtiiiHtiit 189^, ^tA. ill. Nti9. 4 and 5. 




The organism grows on ordinary culture-media about as 
rapidly as do the ordinary moulds of the laboratory. 

From a granule planted in bouillon numerous hyphae j 
grow out into the fluid and may form eventually a whitish ] 
powder-pufiT-ball-like structure with the granule in the center 
(Fi^^ 9S). The hyphae grow very long, are septate, have in , 
places vacuoles, and form branches (see Fig. 0) ; on the 
surface of agar-agar the growth appears as a meshwork of 
widely spreading filaments of a grayish color. 

On potato it forms a dense, widely spreading, coherent 
membrane of velvety surface. In its central portions it is 
of a pale-brown color, but at the periphery it is white. A 
marked feature is the apjiea ranee of small spherical droplets 
of coffee-colored fluid on the surface of the growth after a 
time. 

It must be quite clear from the foregoing that the orgai^ 
ism belongs to the moulds or hyphomycetes. ^M 

The formation of reproductive organs, such as spore*bear- 
ing hyphaz, was not obser\'ed, ^^ 

The results of animal inoculations were negative. ^H 

Rabies (Hydrophobia)*— The diagnosis of this disea~ 
from a pathological .standpoint is usually made by the pro- 
duction of experimental rabies in a rabbit by intradural 
inoculation with material from the nervous system of the 
animal suspected to have died of it. The poison of the dis- 
ease is found in the brain, spinal cord, salivary glands, and 
pancreas. For purposes of inoculation a piece (i or 2 c.c.) 
of the medulla or brain, preferably the former, is rubbed up 
in a sterilized mortar with about lo ex* of sterilized distilled 
water. The resulting fluid is filtered through absorbent 
cotton, and then through filter-paper, to remove tissue- 
shreds. Of the clear fluid thus obtained 4 or 5 drops are 
injected beneath the dura of a rabbit by means of a hypo- 
dermic syringe, the skull being trephined with a small tre- 
phine about 4 mm. in diameter The most favorable place 
for opening the skull is at a point in the median line just 
posterior to a line drawn through the middle of each eye. 

The symptoms of experimental rabies in the rabbit first 



BACTERIOLOGICAL METHODS, 22$ 

manifest themselves after two weeks, never earlier, but they 
may not appear until later, not even until two months have 
passed. The first symptom is a weakness of the hind legs, 
followed by paralysis. The paretic condition soon extends 
to the fore legs, dyspnea appears, and death usually occurs in 
about three days after the onset of the symptoms. Paralytic 
symptoms developing before two weeks are not due to infec- 
tion with rabies, but to some other cause ; for instance, in- 
fection with the pncumococcus or other bacteria which may 
be present in the material inoculated. 

During the course of the disease the animal never appears 
stupid, with dull eyes, as in other infections, but remains 
" conscious," so to speak, until the last. 

15 



PART III. 
HISTOLOGICAL METHODS. 



Introductioil. — The ideal function of the technique of 
pathological histology is so to fix tissues for microscopic 
examination that every tissue-element or pathological prod- 
. uct is perfectly preserved with all its morphological and 
chemical properties intact, and so to stain tissues that every 
tissue-element or pathological product can be readily differ- 
entiated from any other tissue-element or pathological prod- 
uct that resembles it. In certain respects only has this ideal 
yet been reached, but the number of differential stains is 
increasing yearly. 

In the following pages the various steps in the prepara- 
tion and staining of tissues have been arranged, so far as 
possible, in logical sequence. 

LABORATORY OUTFIT. 

Microscopes. — The most important laboratory instru- 
ment is the microscope. It should be, so far as means will 
permit, the best that skill can produce. The two foreign 
makes of microscopes most in favor in this country are the 
Zeiss and the Leitz. Excellent microscopes are also made 
by Rcichart, Hartnack, and Seibert. American microscopes 
have greatly improved during the past few years, but do not 
yet reach the standard set by the best foreign makes. Un- 
doubtedly the best microscopes in every particular and the 
most expensive arc those manufactured by Zeiss. 

It is important for a beginner in microscopy, before buy- 
ing a microscope of any make, to have it carefully examined 
and its lenses tested at a pathological or other laboratory by 
22rt 



HISTOLOGICAL METHODS, 



227 



some one skilled in its use. The continental form of stand 
of medium size is to be preferred to alt others. The large 
stand is undesirable, because it is too heavy and too high for 
comfortable use. It should be furnished with rack and pin- 
ion, and with micrometer screw for coarse and fine adjust- 
ment, with a triple nose-piece, and with an Abbe condenser 
and iris diaphragm. The necessary objectives are a low and 
a high dry, and a ^ oil-immersion. Tw^o eye-pieces, a low 
and a high, w^ill be found sufficient for all ordinar^^ purposes. 

The stands, oculars, and objectives general iy used are the 
following : 

Zeiss: Stands, 11^, IVa, IV^. 

Oculars, 2 and 4. 

Objectives, AA, D, ^nd ^ oiUmmersion. 

Leitz: Stands, I^, W, II, Ilr* 

Oculars, i and 3, 

Objectives, 5, 7, and ^ oil-immersion. 

Even if all these' different parts cannot be purchased at 
the same time, it is impoitant to buy a stand to which they 
afterward may be added, for the list includes only what every 
medical practitioner should have at his service for the proper 
examination of urine, sputum, blood, etc. 

The apochromatic lenses and compensation oculars are 
too expensive to come into general use. Fortunately, they 
are more important for photomicrography than for general 
microscopic work. 

The oU-immershn hns should always be cleaned after 
using by wiping off* the oil w^ith an old linen or silk hand^ 
kerchief or with the fine tissue-paper now manufactured for 
that purpose. If the lens is sticky, moisten the cloth with 
benzol or xylol; Leitz recommends alcohol The same 
process can be used if necessary for the drv* lenses, but it 
must be done quickly, so as not to soften the balsam in 
which the lenses are imbedded. Ordinarily a dr>' cloth is 
sufficient 

In using the Abhe Utumimttwj^ apparatus it is important 
to bear in mind that the best results arc obtained, according 
to Zeiss, by employing the plain mirror, for the condenser is 
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designed for parallel rays of light. The concave mirror is 
to be used only when some near object, such a,^ the window- 
frame, is reflected into the field of vision or when artificial 
hght is employed. 

A mechanical stage is now made which can be instantly 
attached to any microscope. It is exceedingly useful for 
btood-counting or for searching carefully the whole surface 
of a stained cover-slip* For ordinar}^ work it is undesirable. 

For microscopic work the best iiiuminadopt is that obtained 
from a white cloud. When artificial light is necessar>\ the 
Welsbach burner, or, better still, the Edison electric lamp with 
ground-glass globe, will be found v^ry satisfactory^ The 
slight yellowish tint of the light can be corrected, if neces- 
sar>^, by means of a piece of blue glass inserted over the 
mirror or just below the object to be examined. 

For drawing, the Abbe camera lucida will be found ex- 
tremely useful and convenient, Leitz has recently con- 
structed two new drawing oculars, of which the one to be 
used with the microscope inclined at an angle of 45^ would 
seem to be ver>^ practicable. With the other the drawing 
surface has to be inclined at an angle of 12° to avoid dis- 
tortion of the image. 

Freezing Microtome. — Freezing by means of the 
evaporation of ether, more rarely of rhigolene, is the method 
in genera! use. The process is both expensive and slow. 
A much cheaper and more rapid method of freezing was 
originated several years ago in the Sears Pathological Labo- 
ratory by Dr. S. J. Mixter, and has since been in constant 
use both here and in the hospitals in Boston. This method 
consists in the employment of compressed carbon-dioxid, 
which is found in commerce in iron cylinders containing 
each about twenty pounds of liquefied gas. It is commonly 
us::d for charging beer and soda-water. As a rule, the 
cylinders are loaned, so that it is necessary to pay for the 
contents only. 

In the original design the microtome was connected with 
the cylinder by means of a rubber tube. Recently Dr 
C R. Bardeen has introduced a great improvement by 
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modifying the microtome so that it can be connected 
directly vdx\\ the cylinder; he has also inserted a second 
valve, which affords greater control over the escape of the 
gas (Fig. 97). 

In freezing; the valve should be turned carefully, so 
that the gas may escape slowly and evenly. Pieces of 
tissue can easily be frozen in a few seconds, but it is 
much better to freeze the tissue neither too rapidly nor 
too hard, otherwise the sections will show on micro- 




FlG. 97,— Bardeeri freezing iiikmtome. 

scopic examination multiple parallel lines of fracture due 
to their being bent by the knife while still brittle. Ac- 
cordingly, when the tissue is frozen too hard, it is best to 
wait until it thaws a little, or else to soften the surface each 
time just before cutting a section by rubbing over it the tip 
of a finger moistened in water or salt solution. Pieces of 
tissue for frecdng should not be over 2 to 4 mm, thick Al- 
cohol specimens must first be thoroughly freed from spirit 
by soaking in running water for some time, usually several 
hours. 
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For cutting frozen sections the bbde of a carpenter's plane 
mounted in a wooden handle (Fi^. 98) will be found very 
serviceable and easy to sharpen. 




Fig. 98, --Knife for freefing microtome, made from the hiade of a caipcnfer*s 

plnnc. 

Celloidin Microtome, — There are two types of celloid- 

in microtomes — one in which the object is raised by a screw, 
a second in which the object is raised by being moved up an 
inclined plane. The first type of machine is the better, for 
two reasons : the screw affords greater accuracy in the even 
elevation of the object than is possible with an inclined 




Fig. 99, — l^rge Uhomktry mkrotoTnr*. 



plane, and the object remains at all times in the sanne rela- 
tive position with regard to the knife, so that an equally lon^ 
sweep of the blade can be obtained for every section. An 
excellent instrument of this type is made by Bausch & Lonib 
(Fig. 99). For practical work it is much to be preftrred to 
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the elaborate SchiefiTerdecker-Becker niicrotome, designed 
for cutting sections under alcohol 

A new and wholly original microtome, in which the knife 
remains fixed and \% clamped at both m\t^^, while the object- 
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holder, which is raised by a screw, moves back and forth be- 
neath the knife, has recently been designed by Dn C, S. Minot 
and is manufactured by Bansrh & Lomb (Fig, rooK It is 
intended both for celloidin and for paraffin work. When but 
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one instrument can be afforded, it is believed that this model 
will be found the most serviceable for both kinds of work, 

A drop-boUU on an elevated stand, with screw arrange* 
ment for regulating the amount of alcohol, is the most con- 
venient method for keepin[; the object and the knife wet 
while cutting; So per cent alcohol should be used 




Fig. loi.— Minot-Bluke microtome. 

The Minot-Blake Microtome,^— This microtome is 
specially designed for cutting sections of i and 2 micra in 
thickness, but it may be adjusted to cut sections up to 10 

1 Tim microtome i* jnflde b>' the Buff Matiufactutitig Co.* so'3 Atlimtk 
Atc., Boston, Mass. 



b 



HISTOLOGICAL METHODS. 



m 



mkra. The main sliding parts are designed to take advan- 
tage of the principle of three-point bearings, so as to avoid 
minute irregularities in their motions. The knife is provided 
with a brace to prevent the elasticity of the knife -edge from 
causing "skipping" when the machine is adjusted to i or 2 
micra. 

In operating this machine for thin sections the following 
important points should be borne in mind : 

K The machine must be in accurate adjustment The 
brace to the knife is to be so appHed as not to produce a 
twisting strain upon it The upper edge of the brace should 
lie about ^ of an inch below the knife-edge. The knife is 
to be canted just enough to obtain clearance, and no more. 

2, The knife-edge should be so well polished that, when 
observed with the microscope under a magnifying power of 
about go diameters, it appears as a straight line. 

3, The specimen must be well embedded, and the paraffin 
block containing it, as well as the brass carrier to which it 
is attached^ should be cooled in ice-water immediately before 
cutting. The knife and its brace should be likewise cooled 
The paraffin block is to be carefully trimmed as described 
elsewhere. 

Fftraffin Microtome, — Although paraffin sections can 
be cut on a cellaidin microtome, it is preferable to have an 
instrument designed for the purpose. The Minot wheel 
microtome manufactured by Bausch & Lomb (Fig. 102) can 
be thoroughly recommended. 

Paraffin Bath. — The best bath iut keeping paraffin at a 
constant temperature is a thermostat of suitable size with 
hot- water jacket, such as is used for growing cultures of 
bacteria. The paraffin is kept in it on shelves in glass dishes 
of various sizes. The advantages of this method over the 
old way of using copper cups set into the top of a water* 
bath are that the paraffin is kept absolutely free from dust, 
each worker can have his own set of dishes, and the .smalle.<?t 
bits of tissue can be readily found in them, because they arc 
transparent. 

A paraffin melting at 50"" to 52*^ C. will be found convenient 
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for use throughout I he year if the laboratory is kept fairly 
warm iu whiter. Many workers, however, prefer one par- 
affin meking at 45° C. for winter, and another meiting at 
48° C. for summer, 

A prehminary bath of soft paraffin is wholly unneces* 
sa^y^ and only prolongs the objectionable stage of heating. 
The regulator should register only one or two degrees above 
the melting-point of the paraffin. 

Paraffin should be melted and decanted or filtered before 
use, as it often contains foreign material. When hot it runs 




Fit'r. tQi. — Mi not wheel micrQtotTie. 

through an ordinary filter without trouble, A hot-water 
jacket to the funnel is not at all necessary. 

Vttlcaiii^ed Fiber, — For mounting celloidin prepara* 
tions nothing is so poor as cork, although it has been in use 
for years. The chief objections to it are that it does not fur- 
nish a rigid support to the imbedded object \ that, unless 
weighted, it floats in alcohol with the specimen downward ; 
and that it yields a coloring material which stains both the 
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alcohol and the specimen. Wood is not much better; 
although, of course, much firmer. Glass blocks have been 
proposed, and might do fairly well if there did not exist an 
ideal substance — viz. vulcanized fiber. This can be obtained 
in boards or strips, preferably J or | inch in thickness and 
sawn to any desired dimensions. It is perfectly rigid, is 




Fir,. 103.— Blocks of vtilcani«ed fiU'r. 

heavy enough to sink specimens to the bottom of the jar in 
an upright position, is unaffected by alcohol or water, is light 
red in color, so that it is easily written on with a lead pencil, 
gives oflTno coloring material, and is practically indestructible- 
Two or three parallel cuts, i to 2 mm. in depth, should 
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Fio. 104, — Dingram af ihe dir«cUoD of ihe mcwrmci»is in lionmg. 



be sawn into the upper surfece of each block, so as to give 
the cclloidin a firm hold. 

Knives*— The knives for both the cellnidin and the 
paraffin microtomes should be heavy and not too long, so m 
to aflbrd as great rigidity as possible; they should he l>icon* 
cave, so that they may be easily sharpened. It is important 
that every one who does much work in a patliulogtcal labor- 
atory should learn In shaqien his own knives. The requisite 
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skill is not difficult to acquire, and the time spent in learning 
is fully compensated for by the ability always to have a sharp 
knife when it is wanted. For honing a knife either a fine 
water-stone or a glass plate with diamantine and Vienna 
chalk may be used In honing, the edge of the knife is for- 
ward and the motion is from heel to toe. The knife should 
always be turned on its back, and the pressure on it should 
be at all times rather light 

In stropping, the movement is reversed. The back of the 
knife nccessariiy precedes the edge, and the motion is from 




Fig* 105, — Diagram of the tii reckon of the movements in stropping, 

toe to heel The direction of the movements in honing and 

stropping is bej^t illustrated by the diagrams (Figs. 104, 105). 

Rutmilii^ water for washing out specimens which have 
been fixed in Flemming and other solutions is most easily 
supplied by having a water- pipe, furnished with numerous 
cocks 5-10 cm. apart, run horizontally over a slightly slop- 
ing shelf adjoining the sink. Attached to each cock is a 
rubber tube, with a glass tube in the end of it long enough 
to reach to the bottom of the jar (Fig. to6). By this arrange- 
ment the amount of water supplied to each specimen can be 
easily regulated. 

Slides should be of colorless glass with ground edges. 
The English form, measuring j X 3 inches (76 K 26 mm.), is 
to be preferred for ordinary use. Occasionally broader slides 
are needed. 
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Cover-slips should be square or oblong according to the 
shape of the specimen. Most dry lenses are adjusted for 
cover-glasses measuring i6 or ijfi in thickness, «io that if 
possible no cover-slips ranging outside of 15 to 18/1 should 
be used With an oil-immersion the exact thickness is not 
quite so important. 

Slides and cover-slips are cleaned by di[>ping in alcohol 




ry sink. *howmg adjommg shelf and Armngeincnt for 
ninnliift wntcr. 



Fig. 106- 



and wiping dry with a soft crash towel or old linen handker- 
chief 

To clean old slide preparations » heat them until the bal- 
sam softens so that cover-slips and slides can be drawn 
apart. The slides and cover- slips arc then treated separately 
with nitric acid, A to per cent, solution is usually sufficient, 
but occasionally the strong acid will be found necessary. 
Some workers prefer equal parts of alcohol and hydrochloric 
acid ; still others the following mixture : 



Bichromate of potassium. 


2 parts; 


Sulphuric acid, 


3 •■ 


\V;itcf, 


25 " 
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A thorough washing in running water, followed by alco- 
hol, completes the process. Alkalies are not so good for 
cleaning purposes, because they attack the glass. 

Staining Dishes. — Watch-glasses are not satisfactor>% 
on account of their instability. Concave dishes with flat 
bottoms are much better for ordinary^ use, and can be ob- 
tained of several patterns. They should be large enough to 
hold 25 ex. of fluid. The Syracuse solid tvatch-giasscs are 
very good dishes of this shape. 

Sunder dishes (Fig, 107) of various sizes will be found 
useful for many purposes. 



1^ 







^ 



Sectional view. 



Fiti. 107, — Stcnder dishes. 



Oblong rectiiHguiar Petri dishes are very convenient for 

staining preparations mounted on the shde. 

Steinach's sieiY-dis/i is valuable where a number of sections 
are to be stained in the same manner. 

Liirge concave dishes holding too c.c. wilt be found the 
most convenient for holding frozen sections of fresh tissue, 
because a slide can be dipped into them and under the 
sections. 

Metal Instrmnents. — Spatulas of different sizes are 
needed. They should be thin, smooth, and large enough, 
so that a section will not curl over the edge (Fig. !o8). 

The best instrument for transferring sections under all cir- 
cumstances is a piece of platinum wire mounted in an ordi* 
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nary screw needle-holder. It is pliable and can be bent to 

any shape, will not break like a glass needle \^^hen dropped, 
and is not affected by acids. Ladies' hat-pins form a cheap 
but serviceable substitute. They are readily bent to any 
desired shape by heating. Forceps, scissors, scalpels, and 
many other instruments required in microscopical work do 
nut need any special mention. 




Fjc;, 108.— Spatulfl. 

Bottles. — For cover-slip work and for staining on the 
slide dropping-bottles will be found extremely convenient. 
The patent T. K. pattern of 50 ex. capacity is probably the 
best form and size. 



EXAMINATION OF FRESH MATERIAL* 

Fresh tissm*s may be examined either in teased prepara- 
tions or in sections. 

Teased prepamtioHs are made by cutting out a very small 
bit of the tissue in question and dividing it as finely as pos- 
sible, by means of two sharp, clean needles, on a slide in a 
drop or two of some indifferent fluid, such as the normal 
salt solution. Teased preparations are often made, for in- 
stance, of the heart-muscle when fatty degeneration is sus- 
pected If the tissue is soft, the cells arc easily obtained by 
simply scraping the cut surilice with the edge of the knife* 

Stations €yf fnsh tissues can be made with a raxor or with 
a double knife, but much the better way, at least for general 
diagnostic purposes, is to use frossen sections, which can be 
very quickly and perfectly made with the freezing microtome. 
The fresh sections are put into salt solution in a glass dish 
large enough to permit of a slide being dipped into it, so 
that a section can be floated and spread out evenly on its 
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surface. The slide is then carefully raised, the excess of fluid 
wiped off, and a cover-slip put on. 

If it is desired to stain the section, a few drops of Loffler's 
methylene-blue solution are poured over it after it is spread 

evenly on the slide. In a few seconds the coloring fluid is 
thoroughly washed ofl' with salt solution, a cover-slip put on, 
and the section examined in the salt solution. If sections of 
fresh tissues are put directly into a staining fluid in the ordi- 
nary manner, they pucker up and do not stain evenly. 

Fresh preparations are often treated with chemicals for 
various purposes. Of these chemicals, acetic acid is the 
most generally useful in pathological work. It shrinks the 
nuclei and rendt^rs their outlines more distinct It swells 
connective tissue, making it more transparent, so that the 
elastic fibers which are unaffected stand out distinctly. It 
precipitates mucin and dissolves or renders invisible the al- 
buminous granules so abundantly present in the protoplasm 
in the cloudy swelling of various organs in disease. Its 
main use as a reagent for fresh tissues is to demonstrate 
fat and to differentiate that substaiice from albuminous gran- 
ules. 

Acetic acid is ordinarily used in a i to 2 per cent, aqueous 
solution, a few drops of which are placed at one edge of the 
cover-slip, and then drawn beneath it by placing a piece of 
filter-paper on the opposite side. If in a hurry, however, 
stronger solutions, or L*ven glacial acetic acid, may be used. 
Other reagents are of less importance, but are occasionally 
used. 

Osmic acid is sometimes employed in a i per cent, aque- 
ous solution to demonstrate fat, which it stains brown to 
black. 

An alcoholic solution of Sudan III is being used more 
and more for the same purpose. It stains fat orange to red. 

Hydrochloric acid in a 3 to 5 per cent solutionis used to 
demonstrate calcification. Phosphate of lime is simply dis- 
solved, while from carbonate of lime bubbles of carbon- 
dioxid (CO3) are set free. 

Indifferent Fluids.— Fresh tissues are usually examined 
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in normal salt solution, a ^(^ per cent, solution of common 
salt in water. It has the advantage ov^er water that tissues 
do not swell up so much in it, blood-globules are unaffected, 
and the finer structures are better preserved. A very few 
drops of Lugors solution added to the stock-bottle of 
salt solution will be found useful in preventing the growth 
of mould 

Serous fluids, such as hydrocele fluid, are occasionally 
used. Artificial serum is made by adding i part of egg- 
albumin to 9 parts of normal salt solution. 

Macerating fltiids are little used in pathology. Occa- 
sionally, however, when tissues are tough, so that they cannot 
be readily teased apart, they are macerated in certain fluids 
which dissolve the substances that hold the different elements 
togethen The reagents most commonly used are the fol- 
lowing : 

1. Ranvkfs QHC-tMrd aMmi is made by taking l part of 
96 per cent, alcohol and 2 parts of water ; twenty-four hours 
are usually enough. 

2. Very dilute solutions of ckr&mic acid SitG recommended 
— r^ to ^ of I per cent. 

3. J J ptr cent. Ctiusiic Pi^tash. — Tissues are macerated in 
a few minutes to one hour: they must be examined in the 
same fluid, because the cells are destroyed if the solution is 
vi^eakened. 

Bxammation of Fluids. — ^Small fragments of tissue 
should be picked out with forceps. If much blood is ad- 
herent, wash the tissue well in salt solution. When the cell- 
ular elements are few in numljcr they are obtained with a 
pipette, just as in urine- work, after allowing them to settle 
at the bottom of the glass, A centrifugal machine will be 
found of great service when the sediment is slight. 
jfi 
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INJECTIONS, 

Injections are not much used in pathoIog>\ The process 
is an art that requires much patience and considerable ex- 
perience. The purpose of an injection is to render vessels 
and vessel' walls more visible than under ordinary' circum- 
stances* Transparent, deeply-colored fluid mixtures are 
used \vhich will become hard in the vessels. Some injec- 
tion-masses are employed cold, others warm, The warm 
injection-masses contain gelatin, and are much more trouble- 
some to use, but give much the more perfect results. For 
coloring the mass carmine is the best materiaL because it is 
a permanent color. 

The instruments required are cannulas of various sizes 
and a syringe, or, better still, a constant-pressure apparatus. 
When a warm injection-mass is used the bottle containing 
the mass must be placed in a water-bath and kept at a tem- 
perature of about 45° C. The organ or animal to be in- 
jected must likewise be placed in a water-bath of the same 
temperature. 

It is very important that in connecting the end of the tube 
carr>nng the injection-mass wHth the cannula inserted in the 
vessel no air-bubbles shall enter. When blood-vessels are 
to be injected it is advisable to wash them out first with 
normal salt solution- 
Cold Injectioii -masses*— i. Blm Cohriug Mass. — 



Soluble Berlin blue, 
Distilled water, 



20. 



2. Carmine Fnjecthm-mass (KoUmann). — Dissolve i gram 
of carmine in I c.c. of strong ammonia plus a little water; 
dilute with 20 c.c. of glycerin. To this solution add i gram 
of common salt (NaCl) dissolved m 30 c.c. of glycerin. 
To the whole solution add an equal quantit>^ of w^atcn 

Warm Injection -masses-— I. Bertin Bim\--W s^rm the 
solution of Berlin blue given above, and add it, with con- 
tinual stirring, to an equal quantity of a warm, concentrated 
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solution of gelatin prepared as follows : Allow clean sheets 
of the best French gelatin to swell up for one to two hours 
at room-temperature in double the quantity of water. Then 
diBsolve them by warming gently over a water-bath. Filter 
the combined solution through flannel. 

2, CarmifH'-geiatiu Mass. — This is by all means the best 
injection-mass to use. because it is permanent, but it is very 
difficult to prepare. 

Dissolve 2 to 3.5 grams of best carmine in about 15 c,c, 
of water, to which just enough ammonia is added, drop by 
drop, to effect the solution. Filter the fluid obtained, and 
add it, with continual stirring, to a filtered warm, concen- 
trated solution of gelatin (prepared as above) over the water- 
bath. Then add acetic acid slowly until the color changes 
to a bright-red shade. The exact amount desired is when 
the solution loses its ammoniacal odor and has a peculiar 
sweetish aroma free from acii Examined under the micro- 
scope, no granular precipitate of carmine should appear. If 
too much acetic acid has been added, so that the carmine is 
precipitated, the mass must be throv\n away and a new lot 
prepared* 

Organs which have been injected with a cold mass are 
placed directly in 80 per cent, alcohol. After a few hours 
they are to be cut up into pieces that are not too small 
After a warm injection-mass the organ or animal is placed 
first in cold water to hasten the solidification of the gelatin, 
and then transferred to 80 per cent, alcohol. Masses already 
prepared for injecting cold or warm can be obtained from 
Grucblcr, 



FIXINO REAOENTS. 

The various reagents used for the preservation of fresh 
tissues possess the properties of penetrating, killing, fixing, 
hardening, and prcserv^ing in different degrees. Of these 
propcrtie*» ** fixing'* is the most important, and to a certain 
extent implies or includes the others* The term *' fixative*' 
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has been used more pa rticularly» perhaps, for reagents which 
preserve faithfully the various changes of the nucleus in 
kar>^omitosis. In a broader sense, however, it refers to the 
faithful preservation of any tissue-element or pathological 
product, and of the chenfiical properties peculiar to that ele- 
ment or product A good fixative is a reagent that pene- 
trates and kills tissues quickly, preserves the tissue-elements, 
aJid paiticularly the nuclei, faithfully in the condition in 
which they are at the moment when the reagent acts on 
them, and hardens or so affects them that they will not be 
akered by the various after-steps of staining, clearing, and 
mounting. Most fixatives are mixtures of different reagents 
so combined that all the desirable properties may be present 
in as large a degree as possible. 

The choice of the proper fixing reagent for a given tissue 
is often difficult, and must depend largely on the nature of 
the pathological lesions present or suspected, and on the 
purposes for which the tissue is preserved. For diag- 
nosis, for general bacteriological study of tissues, and for 
many valuable and important chemical reactions alcohol 
ts to be preferred to any other reagent Although by 
no means an ideal fixative, it will be found exceedingly 
useful. 

For finer histological study it is important to preserve val- 
uable tissue in some more perfect fixative than alcohol 
Zenker's and to some extent Orth s fluid will be found the 
most generally useful. Flemming*s solution is especially to 
be recommended for the study of renal lesions with fatty 
degeneration. For general pathological work, aside from 
the nervous system, the^e four fixatives will be found the 
most valuable. 

It is strongly advised that in all important cases pieces of 
tissue be hardened both in alcohol and in Zenker's fluid — 
in alcohol for bacteria and for chemical reactions; in the 
other for bacteria, nuclear figures, blood, and genera! histo- 
logical study. For special investigations other fixatives are 
sometimes desirable. 

Tissues fixed in alcohol or in a solution of formaldehyde 
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may remain as long as desirable in those fluids. Tissues 

hardened in most of the other fixatives must be transferred, 
after thorough washing in water; to alcohol for preservation. 
It is usually recommended to pass the specimens through 
graded alcohols, either through 30, 60, 90, and 96 per 
cent., or through 50, 70, and 96 per cent., allowing them to 
remain from a few hours to a day in each strength. For 
most purposes it will be found sufficient to transfer the 
specimens directly from water to alcohol of 70 to So per 
cent, in which they may remain until it is desired to imbed 
them. 

Alcohol extracts chrome salts from tissues hardened in 
solutions of them. As these salts are precipitated in the 
alcohol under the action of light, it is desirable, although 
by no means necessary, to keep all such specimens in the 
dark. 

AlcotloL — The strength of alcohol ordinarily used in 
laboratories is 95-96 per cent Absolute alcohol is much 
more expensive. Tissues hardened in either of these strengths 
shrink a great deal. The exposed surface becomes ex- 
tremely hard, and the outer layers of the cells of tissues 
like a rabbit's kidney, for example, are as shrunken and 
flattened as though dried in the air. It is only inside of this 
hard casing; where the alcohol has penetrated more slowly 
and has been somewhat diluted by the fluid of the tissue, 
that the cells are better preserved. Moreover, this extreme 
hardening of the surface hinders the penetration of the alco- 
hol into the deeper parts. 

Tissue which is to be hardened in absolute or 95 per cent 
alcohol should be cut into thin pieces, preferably not over % 
cm. thick. The volume of alcohol used for hardening should 
be fifteen to twenty times as great as the specimen, and 
should be changed after three or four hours. The tissue 
should be kept in the upper part of tlie alcohol by means 
of absorbent cotton, or the jar may be frequently inverted 
and the alcohol thus kept of even strength. 

The advantages of strong alcohol, 95 per cent* and abso- 
lute, are that the tissue is more quickly fixed than w4th 
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weaker stren^h, and that at the same time it is made quite 
hard — a quality more neccssar}' formerly than now when tis- 
sues arc so generally imbedded. Tissues hardened in strong 
alcohol should later be transferred to 80 per cent, alcohol for 
preser\'ation or the staining properties will gradually become 
impaired. 

For general purposes it will be found better to place tissues 
at first into 80 per cent, alcohol, which should be replaced 
in two to four hours by 95 per cent, alcohol. In this way 
less shrinkage is caused and the surface of the tissues is not 
made so hard. 

Zenker's Fluid.— 

Bichromate of potassium, 2.5 grams ; 

Sulphate of sodium, i ** 

Corrosive sublimate, 5 ** 

Glacial acetic acid, 5 c.c. ; 

Water, ad 100 

The solution is practically Miiller's fluid saturated with 
corrosive sublimate, plus 5 per cent, of glacial acetic acid. 
It is advisable not to add the acetic acid to the stock solu- 
tion, but only in the proper proportion to the part taken for 
hardening pieces of tissue, because the acid evaporates so 
readily. 

Directions for Use, — i. Fix tissues in the solution twelve 
to twenty-four hours, rarely forty -eight hours, according to 
thickness. 

2. Wash in running water twelve to twenty-four hours. 

3. Preserve in 80 per cent, alcohol until used. 

Tissues float at first in this solution, which will be found 
a most admirable general fixative. It penetrates quickly, so 
that pieces of tissue do not need to be so thin as with most 
other fixatives, but it is advisable not to let them exceed 4 
to 6 mm. in thickness. Nuclear figures, red blood-globules, 
and protO])lasm are all perfectly preserved. The greatest 
drawback to the fluid is the precipitation of mercury, which 
takes place to a varying degree in the tissues. This pre- 
cipitation can be removed by means of iodin, which forms 
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a colorless, soluble compound* For this purpose it has 
usually been advised to add iodin to the alcohol in which 
the tissues are preserved. Prolonged treatment, however^ 
is required, and iodin exerts an injurious effect on the stain* 
ing properties of the cells, so that in general it will be found 
best to imbed the tissues and cut sections without removing 
the precipitate, and to treat the sections, just before staining, 
with Lugors solution or a i per cent alcoholic solution of 
iodin for ten to twenty minutes, fallowed by alcohol to 
remove the iodin. In old Zenker preparations the areas in 
the tissues occupied by the mercuric precipitate often stain 
with alum hematoxylin, although the precipitate itself has 
been removed. 

Zenker preparations «»tain slowly but beautifully in alum- 
hematoxylin, Kxcellent results can also be obtained with 
eosin, followed by Unna*s alkaline methylene-blue solution. 
Fuchsin and safranin stains are sometimes useful. 

Corrosive Sublimate.— Use a saturated solution (made 
by heat) in normal salt solution. The addition of 5 per cent 
of glacial acetic acid is usually advisable. 1. Harden thin 
pieces of tissue (2 to 5 mm.) for six to twenty-four hours; 
2. Wash in running water t%venty-four hours; 3* Preserve 
in 80 per cent alcohoL 

Tissues hardened in corrosive stain quickly and brilliantly 
in nearly all staining solutions. It is the only fixative after 
which the Heidcnhain*Biondi triple stain gives good results. 

Picric Acid. — Use a saturated aqueous solution. Fix 
tissues 4 to 6 mm. thick for twelve to twenty-four hours. 
Do not wash out in water, but extract the picric acid by 
repeated changes of 80 per cent, alcohol. 

Orth's Fluid. — Recently Orth has highly recommended 
as a general fixative a solution consisting of the well-known 
Miiller's fluid plus 4 per cent, of formaldehyde: 

Bichromate of potassium^ 2 to 2,5 ; 

Sulphate of sodium^ * 1 ; 

Water. 100; 

Formaldehyde (40 per cent, solution), 10. 
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The formaldehyde should be added only at the time of using, 
for in two days the solution becomes darker, and by the 
fourth day a crystalline deposit begins to take place. As 
Exation is ordinarily complete in three to four days, this 
deposit does not matter. The tissue should not be over i 
cm. in thickness. Small pieces i to |^ cm. in thickness can 
be readily hardened in the incubator in three hours. The 
specimens should be washed thoroughly in running water six 
to twenty-four hours before placing in 80 per cent alcohol 

The method is particularly recommended for mitosis, red 
blood-^lobules, bone, and colloid material (in cystomata, 
etc.). as it gives a ver>^ good consistency to the tissues, 
but the histological detail is not so good as after Zenker's 
fluid. 
Flemming's Solution- — 

Osmic acid, 2 per cent aqueous solution, 4; 

Chromic acid, i per cent, aqueous solution, 15 ; 

Glacial acetic acid, i. 

1. Fix in the solution one to three days. 2. Wash in running 
water six to twenty-four hours. 3. Alcohol, So per cent 

It is best to keep the osmic acid in a 2 per cent solution, 
and the chromic acid in a i per cent, .solution. The mixture 
can then be quickly made up fresh at the time It is needed. 
The best stains after hardening in Flcmming are Babes* saf* 
ran in, aniline-gentian -violet and carbol-fuchsin. 

Pieces of tissue for hardening in Flemming's sohition 
should not be over 2 mm. in thickness, because it has very 
slight penetrating properties. 
nertnann^B Solution. — 

Osmic acid, 2 fXT cent, aqueous solution. 4; 

Platinic chlorid, i per cent aqueous solution, 15 ; 
Glacial acetic acid, 1. 

This modification of Flemming s solution is, perhaps an even 
better fixative than the model on which it is based, but is 
more expensive. It should be employed in the same manner. 
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Ranese's Solution. — 

Chlorid of pkitiiuim and sodium, I per cent* 

aqueous solution (piatinic), 15 cc 

Chromic acid \ per cent aqueous solution, 5 " 
Osmic acid, 2 per cent aqueous solution, 5 '' 
Formic acid, C P. i drop, 

Fbc small pieces of tissue, not over 2 mm. thick, in the solu- 
tion for thirty-six hours. Wash in running water for twelve 
hours, then 80 per cent alcohol Stain paraffin sections by 
Pianese's special methods (see p. 275). 

This fixative and the special staining methods are particu- 
larly recommended for the study of karyomitosis and of the 
so-called cancer bodies. 
Ilal)l's Cliromo*formic Acid Solution* — 

Chromic acid. 0.35 per cent aqueous solution, 200; 
Formic acid, 4 to 5 drops, 

to be added just before the solution is used, 

Direciions for Use. — i. Harden in the fixing solution 
twelve to t\veuty*four hours; 2. Wash in running water 
twelve to t\vent>^-four hours ; 3* Dehydrate in 80 per cent 
alcohol 

Rabl used after this fixative a % ery faint stain with hema- 
toxylin, followed by safrantn. 

Formaldehyde,— The gas formaldehyde (HCOH) is 
soluble in water to the extent of 40 per cent Solutions of 
this strength are manufactured by different commercial houses 
under the names of formaline, formol, and formalose. The 
best strength of formaldcliydc to use for fixing tissues is a 
4 per cent solution ; that is, jo parts of the aqueous 40 per 
cent> solution, no matter what name is given to it, to 90 
parts of w^atcr — or, better still, perhaps, of normal salt 
solution. 

This new fixing reagent penetrates very quickly. Its 
hardening action Is not understood. It does not precipitate 
albuminous bodies, but makes them quite firm It also 
hardens ncrve-shealhs, acting toward them and red globules 
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like the chrome salts. Formaldehyde is very useful for pre- 
serving gross specimens, because it gives them a rather 
tough, elastic consistency, and preserves the normal colors 
better than other hardening fluids, and also the transparency 
of many parts, such as the cornea. In histolocrical work it 
has been found most useful, so far, for the preservation of 
nervous tissue. 

Sections of ordinary tissues not over i cm. thick are 
hardened m twenty- four hours. They may then be trans- 
ferred to alcohol, or may remain indefinitely in the formal* 
dehyde. Large pieces require more time. Formaldehyde 
is much used for hardening tissues quickly, so that frozen 
sections can be cut and permanent preparations stained and 
mounted in the course of a few hours. Thin pieces are suf- 
ficiently hardened in one to three hours. They may be 
frozen directly in the formaldehyde solution or in water. 
Almost any stain is applicable after the sections have been 
washed in water and treated for a short time with alcohol 

Although formaldehyde is an excellent fixative from the 
point of view of killing quickly, it does not seem to pre- 
serv^e tissue- elements so that they will not later undergo 
changes when treated with various reagents. For this reason 
it is best combined with some more purely hardening re- 
agent, as, for example, bichromate of potassium in Orth's 
solution. Tissues such as muscle or the contents of a mul- 
tilocular cystoma which have been made very hard by the 
fixing reagent used, can be softened, even when mounted in 
celloidin^ so that they will cut perfectly, by placing in a 4 per 
cent. solution of formaldehyde for twenty-four hours. 

Boiling. — Boiling precipitates the soluble albumin in 
tissues as a granular material which can be readily recog* 
nized. The method is used particularly for the demonstra- 
tion of albumin in renal diseases and in edema of the lungs. 
By means of boiling the quickest permanent mounts of 
tissues can be obtained. The method is not advocated, on 
account of the shrinkage caused by the heat, but will some- 
times be found useful 

Small pieces of tissue not over 1.5 cm. in diameter should 
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2 to 2,5 grams ; 

100 ex. 
Change the fluid daily 



be dropped into the boiling water for one half to two 
minutes ; cool quickly in cold water and make frozen see* 
tions, or put into So per cent, alcohol Any stain can be 
used; methylene-blue will be found excellent 
Miiller^s Fluid,^ 

Bichromate of potassium. 

Sulphate of sodium, 

Water, 
Harden tissues six to eight weeks. 
during the first week ; once a week thereafter Ordinary 
tissues are then w^ashed in running water over night before 
being placed in alcohol Nervous tissue is transferred 
directly from the fluid to the alcohol. 

This famous hardening^ solution seems destined before 
long to give way entirely to better fixatives. It hardens 
tissues slowly, evenly, and with little or no shrinkage, but it 
is a poor nuclear fixative, and docs not encourage any great 
variety of stains, For ordinary tissues it will undoubtedly 
be replaced by Zenker's or Orth's fluid, both of whicli ^k 
verj^ quickly, besides having all its good qualities. For 
nervous tissues formaldehyde followed by other solutions 
of the chrome salts is a great deal quicker and better. 
Marchi's Fluid. — 

Miiller's fluid, 2 parts; 

Osmic acid, 1 per cent aqueous solution, i part. 

Place small pieces of tissue in the mixture for five to eight 
days, wash thoroughly in running water, and harden in 
alcohol. For its application to degenerated nerve-fibers see 
page 332. 
Brlicki's Fltdd.— 

Bichromate of potassium, 2.5 grams; 

Sulphate of copper, j. '* 

Water, 100 cc. 

Hardening is quicker than with Miillcr s fluid, requiring 
eight to ten days, otherwise the treatment is the same. 
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DECAIXIFICATION. 

Tissues which arc to be decalcified should be sawn with a 
fine hair-saw into thin shces, so that they will decalcify 
quickly. It is usually desirable to saw the tissue into pieces 
of proper size for imbedding in celloidin. Very dense bone 
ought not to be over 2 or 3 mm, thick ; softer tissues do not 
need to be thinner than 4 to 6 mm. In cutting sections after 
decalcifying and imbedding it is necessary to throw^ aw^ay the 
first half-dozen sections or so, because the tissue is so lace- 
rated to a slight depth by the movement of small fragments 
of bone in the process of savving as to be useless for micro- 
scopic purposes. The extent of the decalcification can be 
tested at any time by thrusting a needle into the tissue. 

The following steps in the decalcification of tissues must 
be carefully borne in mind : 

K The tissues must first be thoroughly hardened. The 
three most useful reagents for this purpose are alcohol and 
Zenker's and Orth's fluids. After the two latter reagents the 
tissues must have been washed thoroughly in water and 
placed in alcohol for at least twenty-four hours. They will 
then be ready for decalcification. 

2. The decalcifying fluid must be used in large amounts, 
and if necessary be frequently changed, 

3. After decalcification the tissues must be thoroughly 
washed in running water for twenty -four hours to get rid of 
every trace of the acid. 

4. The tissues finally must be hardened again in alcohol 
Of the various agents used for decalcifying bone, ni- 
tric, hydrochloric^ chromic, picric, trichloracetic acids, etc., 
the most important is nitric acid. It acts quickly, without 
swelling the tissues or attacking injuriously the tissue-ele- 
ments, and does not interfere to any marked degree with any 
subsequent staining process. Red blood-globules will be 
found uninjured in tissues hardened in Zenker's fluid even 
after remaining four days in S per cent, nitric acid. This 
acid is used in dilute solution alone or in combination with 
phloroglucin. 
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Directions for Using Nitric Acid. — i. Decalcify m 
large quantities of a 5 per cent aqueous solution of nitric add, 
changing the solution every day for one to four days. 2, 
Wash twent>**four hours in running water to remove every 
trace of acid, 3. Harden in 80 per cent., and then 95 per 
cent., alcohol Imbed in celloidin. 

Phloroglucin and Nitric Acid^ — Phloroglucin is not 
a decalcifying agent , but is added to nitric acid to protect the 
tissues while allowing a stronger solution of the acid to be 
used than would otherwise be possible. The solution is 
prepared by dissolving 1 gram of phloroglucin in 10 c.c. of 
nitric acid. Solution takes place quickly, with generation of 
considerable heat The fluid is reddish brown at first, but 
becomes light yellow in tlie course of twent>'-four hours. 
Dilute with 100 c.a of a to per cent solution of nitric acid 
This gives nearly a 20 per cent, solution of nitric add- The 
process of decalcification in this fluid is extremely rapid ; a 
few^ hours only, as a rule, are required It is not advisable 
to dilute the solution by the simple addition of water, but 
by the use of less acid, because the phloroglucin must be 
present to the amount of I per cent or it will not protect 
the tissues so welL 

The following slower-acting solution may be found useful ; 

Phloroglucin, i ; 

Nitric acid, J ; 

Alcohol, 70; 

Water, 30. 

A rather deep single stain with alum-hematoxylin (either 
aqueous solution or Delafield*s) will usually be found to give 
the best results with tissues decalcified with nitric acid. It 
is ver>' important to leave the sections after staining in a 
large dish of water over-night, otherwise the stain will not 
be so sharp and dear. 

Picric Add. — A saturated aqueous solution containing 
an excess of crj-stals is sometimes used for decalcifying. It 
has no injurious action on tissues, but is extremely slow, fre- 
quently requiring months. Fresh tissues may be placed 
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directly in the solutiaii^ which hardens and decalcifies at the 
same time. Instead of being washed out in water, in which 
they would macerate, the pieces of tissue arc placed directly 
in 70 or 80 per cent, alcoliol to remove the acid. 

Hydrochloric Acid, — v. Ebner's Dtxakifying Sdutian: 



Hydrochloric acid, 

Alcohol, 

Water, 

Chioride of sodium, 



500.0; 

100.0: 

2.5. 



The action of this solution is slow, and but sHghtly 
injurious. 

Trichloracetic Acid, — A 5 per cent, solution of this 
acid has lately been recommended for the decalcification of 
bone and teeth. It acts more slowly than nitric acid, and 
seems to possess no advantages over it Tissues must be 
w^ashed out in running water, as after nitric acid. 



IMBEDDING PROCESSES, 

Sections of hardened tissues can be cut with a razor by 
hand, or with a microtome knife after fastening the specimen 
in the microtome clamp eitlier directly or between pieces of 
amyloid liven Fair sections of firm tissues can often be ob- 
tained in this way. Thinner sections can be got by means 
of the freezing microtome, but these methods are all open 
to the objection that unless the tissue is very cohesive por- 
tions of it are likely to fall out of the sections. 

The best results would, therefore, naturally be expected 
from some imbedding process, employing a substance to in- 
filtrate the tissues thoroughly and to hold the different parts 
in proper relative position even in the thinnest sections. 

The two substances in common use for this purpose are 
celloidin and paraffin. Each has its advantages and disad- 
vantages. Neither can be employed in pathological histology 
to the exclusion of the other. Paraffin affords the thinner 
sections, but they must be small if the best results arc de- 
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sired, and cannot be properly handled except when fastened 
to the slide. Hard tissues Hke muscle, and tissues of var>"- 
ing consistency like skin, are cut wiih considerable difficulty 
by the paraffin method. Staining is rather simpler than 
after imbedding in celloidin. 

On the other hand, tissues of almost any consistency or 
size can be cut by the celloidin method^ which is also capable 
of furnishing very thin sections. 

Both methods of imbedding should be learned and used, 
Celloidin sections are especially good for general work, for 
studying the extent and relations of pathological processes, 
and for much of the finer histological work. Paraflfin sec* 
tions are better for the finest details of processes — for special 
work on special tissues, 

Celloidin, — Scheri ngs celloidin is the best preparation 
of gun-cotton (pyroxylin) to use. It is sold now in a con- 
venient granular form in small bottles. It keeps well, dis- 
solves somewhat slowly, and gives a fairly transparent im- 
bedding mass which is firm and tough, so that ver>' thin 
sections can be cut* Other forms of gun-cotton are not so 
reliable ; they often contain impurities and do not >ieid so 
firm an imbedding mass. 

Imbedding^ in Celloidin. — The process consists in 
soaking the tissues for twenty *four hours to a number of 
days in two diflerent solutions of celloidin. The two solu- 
tions are spoken of as thin and thick celloidin. To make 
thick celloidin 30 grams of the dry celloidin are dissolved 
in 500 ex, of a mixture of equal parts of ether and absolute 
alcohol This gives a 6 per cent, solution. Diluted with 
an equal amount of the cther-and-alcohol mixture, it forms 
thin celloidin. 

The steps of the imbedding process are as follows : Pieces 
of tissue which have been properly fixed and finally pre- 
scrv^ed in Ho per cent alcohol arc first to be cut up with in- 
telligence. They should rarely be over 4 to 8 mm. tluck ; 
for most purposes 2 mm, will be found sufficient, Pieces of 
this thickness will furnish several hundred sections, will im- 
bed more quickly than larger masses, and will be more rigid 
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when mounted on a block. They should never be broader 
or longer than is necessary to show the whole of the process 
under study. Very thin celloidin sections cannot usually be 
obtained with tissues over i^ to 2 cm. square, and smaller 
dimensions are preferable* Beginners usually imbed larger 
pieces than are necessary. 

The trimmed pieces of tissue are first hardened and de- 
hydrated for twenty*four hours in 95 per cent, alcohol, fol- 
lowed by tw^enty-four hours in absolute alcohol ; then soaked 
in equal parts of absolute alcohol and ether for the same 
length of time to prepare them for the thin celloidin. In the 
latter they remain at least twenty-four hours, preferably for 
a number of days if at all thick, for in this solution occurs 
most of the infiltration with celloidin. Finally, the pieces are 
soaked twenty-four hours or more in the thick eelloidin. 
They are then mounted on blocks of vulcanized fiber, ex- 
posed to the air for two or three minutes till the surface 
hardens a little, and placed in 80 per cent alcohol for six to 
tw^enty-four hours to allow the celloidin to harden. 

Briefly summed up^ the steps of imbedding in celloidin are 
as follows : 

1, 95 per cent., followed by absolute alcohol, twenty-four 
hours each. 

2, Ether and absolute alcohol, M. tw^enty-four hours. 

3, Thin celloidin, twent)-four hours to one or more weeks. 
4 Thick celloidin, twenty^four hours to one or more weeks, 

5. Mount on blocks of vulcanized fiber; dry a minute or 
two m the air 

6. Harden celloidin in 80 per cent alcohol, six to twenty- 
four hours. 

The second step may be omitted if time is pressing. 

Instead of mounting directly from the thick celloidin, it is 
often advisable to allow the celloidin to evaporate until a firm 
mass is obtained. This is particularly true when very loose 
tissues are to be imbedded^ 

The simplest method is to place the pieces of tissue, which 
have been soaking in thick celloidin, in proper position in a 
glass dish and pour thick celloidin over them. The dish is 
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then covered, but not too tightly, and the ether Is allowed to 

evaporate for one or more days until the proper consistency 
of cellotdin is reached, so that it can be cut out in blocks 
enclosing the specimens. If the ether evaporates too rapidly, 
place a large dish or a beJUjarover the covered dish. Mount 
the blocks, after they have been cut out and trimmed, by 
dipping the bases in thick celloidin and then pressing them 
on to blocks of vulcanized fiber. In two or three minutes 
they can be placed in 80 per cent, alcohoL After the cel- 
lotdin mounts have been in ^ per cent, alcohol for six to 
twenty-four hours the celloidin is of the proper consistency 
for cuttinf^. It is best to lake a shaqj knife or an old ra^or 
and trim the top of the celloidin down to where the first 
good section of the specimen can be cut ; this will save con- 
siderable wear on the microtome knife. 

Stepanow ' has recently recommended the following method 
of embedding in celloidin for three reasons : it is quicker, the 
infiltration is more perfect, and thinner sections are possible. 

1. Dehydrate in alcohol, 95 per cent, or absolute. 

2. Oil of cloves, three to six hours or longer. 

3. Place in the following solution for three to six hours 
or longer: 

Celloidin (dry and m fine granules), 1.5 g. ; 

Oil of cloves, 50 ex. ; 

Ether, 20.0 ex. ; 
Absolute alcohol, I.O cc 

4. Pour the block of tissue and enough of the solution to 
cover it into a filter of very fine paper, and allow the solu- 
tion to thicken, preferably in a warm place* As the solu- 
tion thickens it becomes clear. 

5. Cut out the block of tissue, and mount in the usual 
way. 

6. Place in 80 per cent, alcohol (or in chloroform for one 
to two hours, followed by 80 per cent, alcohol). 

In cutting, the microtome knife should be fastened very 

17 
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obliquely, so that as much of the edge of the knife as pos- 
sible shall be used in making each section. The surface of 
the knife should be kept well wet with 80 per cent, alcohol, 
preferably from an overhanging^ drop-bottle. 

If the sections curl, as often happens when they are thin, 
they are best flattened by unrolling them on to the surface 
of the knife with a camelVhair brush just before the last 
edge of celloidin Is cut through, as this serves to keep them 
fixed in place during the process. This method can be 
used when the simple transferring of sections from alcohol 
to water is not sufficient to uncurl them. 

Celloidin sections can be stained by nearly all methods, 
without the necessity^ of removing the celloidin. When 
necessary, how^ever, the celloidin is readily removed by pla- 
cing the sections from absolute alcohol in oil of cloves or in 
the alcohol-and-ether mixture for ^\i^ or ten minutes, and 
then passing them back through absolute into ordinary 
alcohol. 

To Attach Celloidin Sections to the Slide. — A celloidin sec- 
tion can be fairly well attached to a slide by transferring it 
from water to a slide freshly washed in alcohol and dried 
with a cloth. The section is then to be firmly blotted with 
filter-paper so as to apply it closely to the slide and to re- 
move all wrinkles. It should not be allowed to dry. A 
section treated in this way will ordinarily stand considerable 
manipulation without becoming loose. 
* Celloidin sections can be more securely attached by trans- 
ferring them from 95 per cent, alcohol to clean slides and 
pouring over them ether-vapor from a bottle half full of 
ethen With a little practice sections can be fastened in a 
few seconds. Follow slowly along the edge of the celloidin, 
and the frills in it will soften down. Then wash the speci- 
men with 80 per cent alcohol to harden the celloidin. 

Imbedding in Paraffin. — Paraffin imbedding is particu- 
larly useful when very thin sections are desired. To obtain 
the best results the pieces of tissue should be small, soft, 
and of uniform consistency. In pathological work it is much 
better to cut the sections and to stain them after they are 



mSTOLOC/CAl METHODS. 



259 



fastened to the slide than to stain in the mass beforehand, 
because then a variety of stains may be used. A complete 
or perfect series is not so important as in embryology, but 
with a little care can be obtained. 

The first step in the preparation of hardened tissues for 
the paraffin bath is to cut them into small, thin square or 
rectangular pieces, not over i cm, square, p<frhaps, for the 
best results, and not over 2 to 3 mm. thick. It should be 
stated, however, that with proper skill, a heavy, sharp knife, 
and a rigid microtome ver>' thin paraffin sections can be ob- 
tained with tissues measuring 4X3 cm. The pieces of 
tissue are then thoroughly dehydrated by soaking first in 95 
per cent, and then in absolute alcohol. From alcohol they 
are put in some substance, such as chloroform or oil of 
cedar, which has the property of mixing with alcohol and 
of dissolving paraffin. From the chloroform they are trans- 
ferred to a saturated solution of paraffin in chloroform, and 
then passed through two separate baths of the melted par- 
affin to get rid of every trace of the chloroform. If oil of 
cedar is used, the specimens are transferred directly from it 
into the melted paraffin. 

One advantage of the chloroform method is that the dura- 
tion in the hot paraffin, the objectionable feature of the 
paraffin method, is shortened, because the tissues arc already 
somewhat infiltrated with paraffin. Another advantage is 
that the paraffin bath purifies itself, because the chloroform 
rapidly evaporates. When oil of cedar is used the paraffin 
must be renewed frequently. 

The methods of imbedding in paraffin are briefly stated as 
follows : 

Method N0. i. 

t, 95 per cent alcohol, 

2, Absolute alcohol, 

3, Chloroform, 

4, Chloroform saturated with paraffin, 

5, Paraffin bath, two changes, 

6, Imbed and cool quickly in cold water. 



6-24 hours, 
6-24 " 
6^24 '' 
6-24 " 
2-4 *' 
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Method No. ^. 

1. 95 per cent alcohol, 6-24 hours. 

2. Absolute alcohol, 6-24 

3. Oil of cedar, two changes, 6-24 " 

4* Paraffin, three changes, 2- 8 ** 

till no odor of oil of cedar. 
5. Imbed and cool quickly in cold water 

III the second method other substances than oil of cedar 
can be used, such as xylol, equal parts of oil of cloves and 
turpentine, or oil of cloves and xylol 

For imbedding paraffin specimens metallic boxes can be 
used, or forms made round or square from strips of sheet 
lead or tin. Many prefer paper boxes, which can be made 
easily of any size desired from stiff writing-paper 

Melted paraffin is poured into the paper box to the depth 
of about I cm. The pieces of tissue are then placed in the 
box with that side down from which sections are preferred. 
When all of the pieces are arranged in order with about half 
a centimeter or more between them, the box is placed on the 
surface of a large dish of cold water, on which it floats, so 
that the paraffin may cool quickly without crystallizing. 
After the paraffin has hardened the paper is removed and 
the paraffin is divided up according to the pieces in it. One 
of the blocks is then fastened to the object-holder by heating 
the latter in a flame until it will just melt the paraffin when 
the block is held in proper position against it. The holder 
is then quickly cooled in cold water 

The upper surface of the paraffin should now be shaved 
down to the specimen. The four sides are to be carefully 
trimmed ; the upper and lower surfaces should be parallel 
and not cut too close to the specimen, otherwise the sections 
will not adhere to each other; the lateral surfaces should, 
as a rule, be cut close to the tissue, especially if very thin 
sections are desired^ because if a rim of paraffin is left it is 
likely to cause wrinkling of the sections. The holder is 
finally carefully adjusted in the paraffin microtome. 

To get good sections which will adhere to each other and 
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form a ribbon the temperature of the room must be regulated 
to suit the degree of hardness of the paraffin used An open 
window will often make all the didference needed to obtain 
good results. The harder the paraffin the warmer the room 
must be. The temperature can be raised by burning a Bun- 
sen flame near the microtome or lowered by the presence of 
a lump of ic^. It will often be found advantageous to dip 
the holder and paraffin block into ice water just before cut- 
ting sections. 

The ribbons of sections as cut, usually a slideful, are 
laid on the surfece of a large dish of warm water at about 
44° C, and if necessary gently stretched so as to remove 
all wrinkles. Paint the surface of a slide with a thin layer 
of Mayer*s glycerin-albumin mixture, wipe off all excess with 
a towel so that only a faint layer is left, dip the slide under 
the sections, arrange them in order, lift the slide» and drain 
off the water. The slide is then placed in a slanting position 
until dry, when it is put in the incubator for two to twelve 
hours at a temperature of 54*^ to 60^ C. This process 
attaches tlie sections firmly to the slide. 

To get rid of the paraffin in the sections they are treated 
with two or three changes of xylol, and then with absolute 
followed by 95 per cent alcohol. 

If for any reason the celloidin*and*oiI'Of-cloves mixture is 
used for attaching the sections to the slide, the paraffin is 
removed by means of xylol, followed by origanum or berga- 
mot oil, and finally by 95 per cent alcohol, because absolute 
alcohol will dissolve the cclloidin- 

Serial Sections by the Celloidin Method,— t For 
Tissues in General — ^Wilh a httlc care jK^fcct serial sections 
can be made by the following method, and each slide of sec- 
tions can be stained in whatever way seems best. The 
specimen is imbedded, mounted on vulcanisscd fiber, and 
hardened in 80 per cent alcohol in the usual way. In cut- 
ting moisten the microtome knife with 95 per cent, alcohol. 
As the sections arc cut the)' are drawn up on the surface of 
the knife and arranged in regular order by means of a camel V 
hair brush until a slideful is ready. They are then drawn on 
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a clean and numbered slide held against the back of the 
knife. After bein^; carefully arranged the sections are fast- 
ened to the slide by means of ether- vapor (see p. 258) poured 
over them from a half-full bottle Care must be taken that 
ever>^ edge of the celloidin is fully softened down. The slides 
are then placed in a jar of %q per cent alcohol to be stained 
at leisure. 

2, Another method, often convenient where the stain is of 
little importance, is as follows : The tissue is stained, in bulk, 
in alum-cochineal or some other staining fluid that will pene- 
tratCj and then imbedded in celloidin in the usual way. After 
being mounted on vulcanized fiber the specimen is hardened 
m chloroform instead of in So per cent alcohol. From the 
chloroform the specimen is transferred to oil of thyme. 
After it is thoroughly penetrated by the latter it is read}' to 
be cut The knife is to be moistened with oil of thyme. 
The sections as cut are arranged on the knife, and then trans- 
ferred to slides placed against the back of the knife. The 
slides covered with sections can be placed under a bell-jar as 
fast as they are ready until all are cut, because the oil of 
tliymc evaporates slowly. Balsam and cover-slips can be 
added after the cutting is finished. ^ 

3. Darkschewitsch has recently proposed a comparatively 
simple method for preparing a series of celloidin sections. 
A glass cylinder without a neck, of about the diameter of 
the specimen to be cut, is fiUcd with alcohol. Then a series 
of circles of filter-paper are cut of a size just to fit the bottle, 
numbered in order, and wet with alcohol Each section is 
rentovcd from the microtome knife by pressing one of the 
paper circles upon it and drawing it off The paper is then 
inverted so that the section is uppermost, and deposited in 
proper order in the bottle, where the series fomis a column, 
each section resting upon a numbered paper. The sections 
can be kept indefinitely. When ready to stain the alcohol 
is poured off, the sections washed with water if necessary, 
and then the staining solution poured into the bottle. Other 
reagents are used in the same manner, or sections can be 
treated with the reagents in flat plates, as they do not readily 
slip off the papers. 
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4_ Weigert's method for a series of celloidin sections was 
designed especially for the nerv^ous system and is rather 
complicated. The process depends on transferring the sec- 
tions as cut to narrow strips of tissue-paper. To do this 
each section as cut is arranged in proper position close to 
the edge of the knife. Then a strip of tissue-paper t%vice as 
wide as the section is gently placed upon it, and the sections 
withdrawn from the knife. The success of the process 
depends on having but httle alcohol on the knife, other- 
wise the specimen will not stick Kach specimen is placed 
on the paper to the right of the last one. The strips of 
paper when full are kept moist by being placed with the 
specimens uppermost on a moist surface composed of a layer 
of blotting-paper wet with alcohol, covered with a sheet of 
tissue-paper, and lying in a shallow dish. 

When all the sections have been cut, each strip of them 
is taken in turn and coated on both sides with a thin film of 
celloidin in the following way ; A strip of sections with the 
specimens below is first pressed gently down upon the sur- 
face of a slide covered with a thin layer of celloidin. This 
fastens the sections and the paper can be removed. Then a 
thin coat of celloidin is poured over the sections and the 
slide is placed on its edge to drain. When the surface of 
the celloidin m dry, the strips can be marked by a fine brush 
dipped in methylcne-blue. As soon as the slides are placed 
in the staining solution the celloidin peels off, taking the 
specimens with it. Later, the strips of specimens can be 
divided as desired, On account of their thickness they 
should be cleared, after deh)*drating in 95 per cent alco- 
hol, in a mixture of xylol 3, carboHc-acid cry^stals i. 

To obtain serial sections by the paraffin method it 
is only necessary to avoid losing any of the sections from 
the ribbon as ordinarily cut. Perhaps the easiest and safest 
way is to cut long ribbons, a yard or more in length, and 
to place them on sheets of pajier in pro|x*r order They 
c^n then readily be divided by means of needles into short 
series of any desired number of sections, and fastened to 
numbered slides by means of albumin fixative. 
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STAINING SOLUTIONS. 

Hematoxylin and Hematein Stains. — The active 

coloring agent in most hematox>'lin stains is hematein, 

which is gradually formed in the ordinar>^ solutions from 
the hematoxylin by oxidation, a process occupying a number 
of days or weeks and spoken of as *' ripening." The selec- 
tive staining power of alum-hematoxylm solutions is due to 
the combination of this hematein with alumina. The result- 
ing blue-colored solution i^ precipitated in the tissues (chiefly 
in the nuclei) by certain organic and inorganic salts there 
present^ as, for instance , phosphates. 

Mayer and Unna have shown that it is possible to oxidize 
and to ripen in an instant a solution of alum and hema- 
toxylin by adding to it a little peroxid of hydrogen neutral- 
ized by a crystal of soda. 

By employing hematein or its ammonium salt, instead of 
hematoxylin, Mayer has been able to obtain immediately 
ripened solutions which compare fairly favorably with old 
and well-known solutions prepared from hematoxylin by the 
slow process of ripening. They do not stain any better, 
however, and it is doubtful if, for the present at least, they 
become generally accepted. 

Most solutions of alum and hematoxylin are not stable, 
A continuous chemical change is the formation from hema- 
toxylin. by oxidation, of hematein, which, uniting with the 
alum, gives a bluish or purplish solution. The degree of 
blueness depends largely on the freshness of the alum. As 
the solution becomes older free sulphuric acid is gradually 
formed from the alum, causing the solution to lose its bluish 
or purplish tint and to become reddish. A third chemical 
change is the continuous formation of a precipitate due to 
the further oxidation of the hematein, in consequence of 
which it is always necessary to filter alum- hematoxylin solu- 
tions just before they are used. 

More alum than ts needed to combine chemically with the 
hematoxylin is always added to the solution, for the reason 
that it acts as a differential decolorizcr, limiting the stain largely 
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to the nuclei of the cells. As aluni-hematox>*Hn solutions be- 
come older they stain more quickly, but also more diffusely. 
This diffuseness of staining can be counteracted by adding 
enough alum-water to make the stain precise again. A good 
alum-hematoxylin solution ought not to stain the celloidin 
in which the section is imbedded. If the celloidin stains 
more or less deeply, it shows that the solution requires more 
alum. 

Aqueous Alum-hematoxylin Solution. — 

Hematoxylin cr>'slals, I \ 

Saturated aqueous solution of ammonia alum, too; 

Water, 30O; 

Thymol » a crystal. 

The hematoxylin crj'stals are dissolved in a little water by 
the aid of heat. The combined solution is exposed to the 
light in a bottle lightly stoppered with a plug of cotton. 
The solution will be ripened sufficiently for use in about 
ten days, after which time it should be kept in a tightly 
stoppered bottle. The solution is ver>* easily prepared, 
gives beautiful results, and will keep at its best for two to 
three months. The proportions of alum and of hematox- 
ylin are the same as in Delafield's solution. For Zenker 
preparations, which stain very slowly, it will be found more 
convenient to omit the 500 c.c. of water in the above 
formula. 

Delafield's Hematoxylin.^ — 

Hematoxylin cr>^stals, 4 grams ; 

Alcohol, 95 per cent, 25 c,c. ; 

Saturated aqueous solution of ammonia 
alum, 400 *' 

Add the hematoxylin dissolved in the alcohol to the alum 
solution^ and expose the mixture in an unstoppercd bottle 
to the light and air for three to four days. 
Filter^ and add^ — 



Glycerin, 

Alcohol, 95 per cent., 



100 C.G. ; 
loo '* 
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Allow the solution to stand in the light until the color is 
sufficiently dark, then filter and keep in a tightly-stoppered 
bottle. The solution keeps well and is extremely powerful. 
So long as it is good the solution has a purplish tinge. 

It would seem advisable, both in this solution and in Ehr- 
lich's, to combine the alum, hematoxylin, and the water, and 
to ripen the solution for two or three weeks before adding 
the other ingredients which have a tendency to prevent oxi- 
dation. A fully-ripened solution would then be obtained 
more quickly and surely. 

Ehrlich's Acid Hematoxylin. — 

Hematoxylin cr>'stals, 2 grams ; 



Absolute alcohol, 60 c.c. ; 

Glycerin, 60 c.c. 

Water, 60 



I saturated with 

Ay^\ . ., ""' ^^ ( ammonia alum. 

Glacial acetic acid, 3 J 



The solution is to be exposed to the light for a long time 
until it acquires a deep-red color. If it then be kept carefully 
stoppered, its staining powers will remain constant for years. 
The acetic acid is added to prevent the formation of insoluble 
compounds of hematein and as a decolorizer to limit the 
stain to nuclei. 

Mayer's Hemalum. — 

Hematein, or its ammonia salt, i gram ; 

90 per cent, alcohol, 50 c.c. ; 

Alum, 50 grams ; 

Water. looo c.c. ; 

Thymol, a crystal. 

Dissolve the hematein or its ammonia salt in the alcohol by 
the aid of heat, and add it to the alum dissolved in the water. 
The solution can be diluted with 20 parts of water or of 
weak alum solution. 

Mayer's acid hemalum is prepared by adding 2 per cent, 
of glacial acetic acid to the above solution. The acid stain 
is more precise than the alkaline. 

Mayer's Glycerin-alum-hematein Solution. — According 
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'to Mayer's latest investigations, glycerin is the only reliable 
preservative of hematein solutions. Unfortunately, it slows 
the staining power to a considerable extent and makes the 
stain less precise. He recommends the following solution 
for its keeping properties: 

Hematein. 04 grams 

{dissolve by nibbing up in a few drops of glycenn) ; 
Alum, 5 grams ; 

Glycerin, 30 ex, ; 

Water, 70 *' 



Mayer's Muchematein. — 




Hematein, 


0.2 grams ; 


Chlorid of aluminum, 


0.1 


Glycerin, 


40c.a; 


Water, 


60 " 



Rub up the hematein with a few drops of glycerin, add the 
chlorid of aluminum, and dissolve the mixture in the 
glycerin and ^\'ater, 

Weigert*8 Alcohol Hematoxylin.— 

Hematoxylin cr^'stals, 10 grams ; 

Alcohol (absolute or 95 per cent.), 90 c.c. 

The solution ripens in a week or two to a brown color, and 
keeps perfectly for a long time. It is used only in the 
Weigert stain for myelin sheaths, for which purpose it is 
diluted at the time of using w^ith water and combined with 
carbonate of lithium (see page 324), 

Phosphomolybdic Acid Hematoxylin {MaiiorYy — 
Hematoxylin ciystals, 1.75 grams; 

^ per cent, aqueous solution of phos- 

phomolybdic acid, 200 c.c. 

The hematoxylin wilt dissolve almost immediately if powdered, 
or it may be dissolved in water by the aid of heat. The 
solution must be exposed to the hght in a bottle plugged 
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with cotton for five to six weeks before it is fully ripened. 
It will keep for several months, and can be used over and 
over. It is employed for staining the nervous system and 
connective tissue (see page 305). 

Phosphotungstic Acid Hematoxylin {Malloty)} — When 
this formula was first published the phosphotungstic acid 
manufactured by Merck was not pure. It contained a trace 
of phosphomolybdic acid, and also some oxidizing agent 
which ripened hematoxylin at once. The staining solution 
made up according to the directions then given, but with the 
pure phosphotungstic acid now manufactured, gives negative 
results because the hematoxylin will not ripen spontane- 
ously even after standing for months. The solution can 
be ripened, however, at once by the addition of peroxid of 
hydrogen. 

Hematoxylin, o.i gram; 
Water, 80. c.c. ; 
10 per cent, aqueous solution of phos- 
photungstic acid (Merck), 20. ** 
Peroxid of hydrogen (U. S. P.). 0.2 " 

Dissolve the hematoxylin in a little water by the aid of 
heat, and add it after it is cool to the rest of the solution. 
The mixture is ready to use at once, keeps well, and requires 
no antiseptic. 

It is used mainly for staining ncuroglia-fibers, but gives 
interesting results with elastic fibers, striated muscle-fibers, 
fibrin, and cartilage. 

Carmine Stains. — The active staining principle in car- 
mine solutions is carminic acid. In cochineal carminic acid 
is combined with an alkaline base. Carmine itself is a com- 
mercial compound containing carminic acid combined with 
aluminum and calcium. Carminic acid itself does not stain, 
but it forms compounds with certain metals, mainly with the 
aluminum contained in alum, which have selecti\'e staining 
properties. 

' Mallory: Thf' Journal of Experitn. tital Midicine. looo, v., 19. 
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All of the alkaline and acid solutions made with carmine 
owe their .staining properties to carminic acid combined with 
the aluminum, and perhaps also to the calcium contained in 
the carmine. 

Alum Carmine, — 

Carmine, 2 grams ; 

Alum, 5 

Water, lOO ex. 

Boil twenty minutes, adding enough water to make up for 

that lost by evaporation. When cool, filter and add a 

cr>'stal of thymol to prevent the growth of mould. 
Alum Cochineal,— 

Powdered cochineal, 6 grams ; 

Ammonia alum, 6 ** 

Water, 100 c.c. 

Boil for half an hour; add water to make up for that lost 
by evaporation. Filter and add a cry^stal of thymol, 
Ortb's Lithium Carmine. — 

Carmine, 2.5 to 5 grams; 

Saturated aqueous solution of car- 
bonate of lithium, 100 ex, ; 
Thymol, a crystal. 

The carmine dissolves at once in the cold solution. When 
used as a counter-stain for bacteria in the Gram-Weigert 
method this solution should be carefully filtered, because 
organisms occasionally grow in it and may give rise to con- 
fusion in the stained preparations. 

Neutral Carmine, — Dissolve, without heating, i gram of 
best carmine in 50 ex* of distilled water plus 5 ex, of strong 
aqua ammonia. Expose the fluid in an open dish until it 
no longer smells ammoniacal (about three days); then filter 
and put away in a bottle for future use. The odor of the 
solution wilt soon become bad, but the staining properties 
wilt remain unaffected. 

Aniline Dyes.— It is extremely important that all aniline 
dyes used in histological work should be obtained, with 
possibly a few exceptions, from Griiblcr^ either directly or 
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from his authorized agents. In no other way is it possi- 
ble to obtain with certainty the results expected. In this 
country Eimer & Amend, of New York City, are the chief 
agents for Griibler. 

Aniline dyes come in the form of a powder or as crystals, 
and most of them keep well in that condition. Methylenc- 
blue for one, however, seems to be an exception. After the 
original package has been opened for a short while the dye is 
said to lose in intensity of staining power. It is well to keep 
on hand saturated alcoholic solutions of certain of the dyes, 
because they keep well in that form, and are ready for use 
when a saturated alcoholic solution is wanted. This is par- 
ticularly true of methylcne-blue, fuchsin, and gentian-violet. 

Aniline dyes are derived from either aniline or toluidin, or 
from both together. They may be regarded as salts having 
basic or acid properties. The basic colors stain cell-nuclei, 
including bacteria, for which they show a marked affinity. 
The acid colors stain diffusely. The basic dyes most com- 
monly employed in pathological histology arc methylene- 
blue, fuchsin, gentian-violet, and safranin. Of the acid 
colors, eosin, picric acid, and acid fuchsin are most in use. 

As a rule, ev^ery aniline dye has one or more standard 
solutions which are used largely to the exclusion of others, 
for the reason that, being required for certain purposes, they 
are kept in stock. As they are thus always at hand, they 
are used where simple solutions might be used. For in- 
stance, Loffler's methylene-blue solution is often used, be- 
cause ready and convenient, when a simple aqueous solution 
would do as well. 

In the following pages we have arranged under each dye 
the solutions of it most in use : 

Methylene-blue. 

1. Saturated solution in 95 per cent, or absolute alcohol. 
A stock solution to be used in making other solutions. It 
can be used as a stain by adding i part to 9 parts of water. 

2. Aqueous solutions of various strengths are often used, 
and can be made up as needed. 
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3. Leffler^s Mcihylem-bim Soiuiim. — 

Saturated alcoholic solution of methylene-blue, 30 c.c. ; 
Solution of caustic potash in water, i : j 0,000, 100 " 

This is one of the most useful of the aniline staining solu- 
tions, and will keep for a long time without losing much in 
staining power, 

4. Kii/i/ic's Alcthylene'biue So/utum. — 

Saturated alcoholic solution of methylene*bluc, 10; 
5 per cent. carbolic*acid water, ^ 90, 

This is a stronger staining solutiofi than Loffler's, but the 
resulting stain does not seem so sharp and clear. 

5. Gabbcfs AUl/ty/tm-'bliif Soitiiion. — 
Mcthylene-blue, 2 ; 
Sulphuric acid, 25 ; 
Water, 75. 

It is used as a decolorizer and contrast-stain for tubercle 
bacilli. 

6. Cnfid's Alkaiinc Mcthykne-biuc Soluthn. — The strongly 
alkaline solution of methylene-blue recommended by Unna 
for staining plasma-cells has been found extremely valuable 
as a general stain in connection with cosin, which should be 
used first. The solution should be diJutt^d I : to, or e\*en 
more, for staining : 



Methylene-blue, 
Carbonate of potassium, 
Water, 



I; 

100, 



7, Umm*s Pohchrmnc Mcthylitu-biite Solunon. — The poly- 
chrome methylene*blue solution, mucli used by Unna in 
various staining methods, is an old alkahne solution of 
methylene-blue, of which the above is the original formula, 
in which, in consequence of oxidation, methyl- violet and 
methyl cne*red have formed. Months are required for the 
process of oxidation to take place. The ripened solution 
may be obtained from Griibler. 
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8. Sahli's Borax Mcthylenc-bluc Solution. — 

Saturated aqueous solution of methylene-blue, 24; 

5 per cent, solution of borax, 16; 

Water, 40. 

Mix, let stand a day, and filter. 

Fuchsin. 

1. Saturated alcoholic solution to be kept in stock. 

2. Zichl'Ncclson's Carbol-fuchsin. — 

Saturated alcoholic solution of fuchsin, 10 c.c. ; 
5 per cent, carbolic-acid water, 90 " 

This solution is very powerful, stains quickly, keeps well, 
and can be employed for a variety of purposes. 

3. Aniliiu-fuchsin. — 

Saturated alcoholic solution of fuchsin, 16 c.c. ; 

Aniline-water, 84 " 

Gentiaii-violet. 

1. Saturated alcoholic solution to be kept in stock. 

2. EhrlidCs Anilinc-gcntiafi'Violct. — 

Saturated alcoholic solution of gentian-violet, 16 c.c. ; 
Aniline-water, 84 " 

During the first few hours after the solution is made con- 
siderable precipitation takes place, so that it is best not to 
use it for twenty-four hours. After about ten days it begins 
to lose its staining power. 

Zenker recommends a solution without alcohol : Dissolve 
the gentian-violet directly in the aniline-water. The color is 
said to be less easily removed from tissues when this solu- 
tion is used. 

3. Stirlinjr's Solution of Gcntian-violct. — 

Gentian-violet, 5 grams; 

Alcohol, 10 c.c. ; 
Aniline, 2 " 

Water, 88 " 
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This solution is said to keep remarkably welL 
4, Cartoi'gintian Viaici. — 
Saturated alcoholic solution of gentian-violet, 10 c.c. ; 
5 per cent, carbolic-acid water, 90 ** 

Sa&anin. — Two of the many preparations by this name 
have been found especially useful: 
L Safranin O soluble in water. 

2. Safranin soluble in alcohol. 

The three folio w^ing solutions of safranin can be thoroughly 
recommended : 

1. Saturated aqueous solution of "safranin O soluble in 
water'' (to be made with the aid of heat). 

2- A mixture of equal parts of — 

A saturated aqueous solution of "safranin O soluble 

in water/* 
A saturated alcoholic solution of " safranin soluble in 

alcohol/' 

3, Bancs' Anilint Safranin. — 

2 per cent aniline-water, 1 00 ; 

** Safranin O soluble in water," in excess. 

Saturate the solution by heating it in a flask set in hot water 
to 60-So^ C. ; filter 

This solution is extremely pow^erful, stains almost in- 
stantly* and will keep about two months. 

Metbyl'Violet, — 1. Aqueous solutions of various stren^hs, 
^ to 2 per cent., keep w^ell and are used for staining nuclei, 
bacteria, and amyloid. 

2. Methyl-violet can be used instead of gentian-violet in 
Ehrhch's solution, 

3. For staining neuroglia-fibers Weigert employs a satu- 
rated solution made with the aid of heat in 70-80 per cent, 
alcohol. 

Bismarck Brown, — The most common solutions are the 
following : 

K A ( per cent aqueous solution, 

2. A saturated aqueous solution made by boiling (3-4 per 
cent*). 
It 
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3. A saturated solution m 40 per cent, alcohol (2-2 J per 
cent.). 

Unlike other aniline colors, Bismarck brown will keep In 
glycerin mounts and can be fixed in nuclei by acid alcohol. 
The stain is not used so much as formerly, except as a con- 
trast stain in Gram*s method and for photographic purposes. 
Other basic stains less frequently used, and then generally 
in aqueous solutions, are dahlia, methyl-green, iodin-green, 
and thionin. 

Diffuse Staitis. — i . Eosia is sold in two forms — as " eosin 
soluble in water/' and as " eosin soluble in alcohol/* The 
first is to be preferred, because a greater degree of differen- 
tiation in stain can be obtained with it. Keep on hand a 
saturated aqueous solution and dilute with water as needed. 
The strength of solution to be used varies somewhat with 
the tissue and the reagent m which it has been fixed, but 
generally lies between ^ and \ per cent when the eosin is 
used after a hematoxylin stain. These dilute solutions 
should contain 25 per cent, of alcohol, otherwise they will 
not keep well When eosin is employed before an aniline 
dye such as methylenc-blue, a 5 per cent, or even a 
saturated solution should be taken. 

2, PicriG Acid. — Saturated alcoholic and aqueous solu- 
tions should be kept in stock, to be diluted as needed. 

3. Van Gieson s Picro-fuchein Solution. — This valuable 
solution was originally made by adding to a saturated 
aqueous solution of picric acid enough of a saturated 
aqueous solution of acid fuchsin to give to the fluid a deep 
garnet-red color, and for certain purposes, as in staining 
after Zenker's fluid, this strong solution is to be preferred. 
Freeborn has recently given more precise directions for 
making up the solution according to the purpose for which 
it is to be used 

For Connective Tissue, — (See page 303). 
I per cent, aqueous solution of acid fuchsin, 5 c.c. ; 
Saturated aqueous solution of picric acid, 100 ** 
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F&r the Nenmis SjsUm. — (Seepage 311). 

1 per cent aqueous solution of add fuchsin, 15 cc ; 

Saturated aqueous solution of picric acid» 50 "' 

Water, 50 *^ 

Picro-nigTosm {Martinoiti). — Dissolve picric acid and 
nig^rosin to saturation in 70 per cent. akohoL 

Combination Stains* — Biondi-Heidenham Staining 
Solution. — 

Saturated aqueous solution of orange G. lOO; 

Saturated aqueous solution of acid fuchsin, 20\ 

Saturated aqueous solution of methyl-green, 50, 

Make up the separate solutions and let them stand for seve* 
ral days with excess of coloring matter {shaking the bottles 
occasionally) until they are saturated Then mix the solu- 
tions. For staining dilute the combined solution with water 
1 ; too. 

The following tests are used for finding out if the proper 
combination has been obtained: The addition of acetic acid 
should make the solution redder; a drop of the solution on 
filter-paper should make a blue spot with green in the center 
and orange at the periphery. If a red zone appears outside 
of the orange, then too much acid fuchsin is present. 

Pianese's Staining: Solutions and Staining Meth- 
ods- — The following stains^ devised by Pianese, are recom- 
mended by him particularly for the study of cancer, but \^ill 
be found useful in many lines of histological investigation* 
The first two were used by him for tissues hardened in cor- 
rosive sublimate or in Zenker's fluid ; the others, only after 
his special fixative (given on page 249). The methods are 
intended for paraffin sections ; 

1. Carmine and Picro-nigToam- — i. Stain in neutral or 
lithium carmine. 

2, Decolorize in acid alcohol. 
5* Wash in water. 

4, Absolute alcohol, 

5. Aailine-gentian-violet, ten minutes. 
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6. lodin solution, two to three minutes. 

7. Absolute alcohol, so long as any color is discharged. 

8. Saturated aqueous solution of picric acid and of nigro- 
sin, five minutes. 

9. Decolorize in a i per cent, alcoholic solution of oxalic 
acid. 

10. Water, several minutes. 

11. Absolute alcohol. 

12. Oil of bergamot. 

13. Balsam. 

Nuclei, red; cell-protoplasm, light olive-green; connec- 
tive tissue, dark olive-green; elastic fibers, bluish; bacteria 
and blastomycetes, violet. 

II. Methylene-blue and Eosin in Borcix Solution. — 
Keep three solutions on hand : 

{(i) Saturated solution of methylene-blue in a saturated 
aqueous solution of borax. 

(p) \ per cent, solution of " bluish eosin '* in 70 per cent 
alcohol. 

if) Saturated aqueous solution of borax. 

For use mix together 2 parts of the filtered solution a, i 
of by and 2 of c. The different steps of the staining pro- 
cess are as follows : 

1. Absolute alcohol. 

2. Staining solution, ten to twenty minutes. 

3. Decolorize in a i per cent, solution of acetic acid. 

4. Wash in water. 

5. Absolute alcohol. 

6. Xylol. 

7. Xylol balsam. 

Nuclei, blue ; red blood-globules, cell-protoplasm, granules 
of eosinophiles, connective tissue, etc., rose-red. 

III. a, Malachite-grreen, Acid Fuchsin, and Nigrrosin. — 
Malachitc-grecn, i. gram; 
Acid fuchsin, .4 ** 
Nigrosin, .1 " 
Water, 50 c.c. ; 
Alcohol saturated with acetate of copper, 50 " 
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1. Absolute alcohol. 

2. Stain in 20 drops of above solution diluted with 10 c.c. 
of distilled water for twenty-four hours. 

3. Decolorize in a J per cent, aqueous solution of oxalic 
acid. 

4. Wash in water. 

5. Absolute alcohol. 

6. Xylol b(ilsam. 

Resting nuclei, light red; protoplasm, reddish yellow. In 
the karyokinetic figures, nuclein green ; fibrillae of the achro- 
matic spindle and of the mitoma, bright red; centrosome 
and polar bodies, red ; the rest of the cell-body, a reddish- 
yellow color. 

III. b. Malachite-green, Acid Fuohsin, and Martius 
Yellow. — 

Malachite-green, .5 gram; 

Acid fuchsin, .1 " 

Martius yellow, .01 " 

Distilled water, 1 50 c.c. ; 

Alcohol, 96 per cent., 50 " 

1. Stain in the solution without diluting, half an hour. 

2. Absolute alcohol. 

3. Xylol. 

4. Xylol balsam. 

Nuclei of resting and dividing cells, green ; cell-protoplasm, 
connective tissue, etc., rose-colored ; " cancer-bodies," mainly 
red, but in masses of them some are red and some green. 

IV. Acid Fuchsin and Picro-nigrosin. — 
Saturated alcoholic solution of acid fuchsin, 6 drops ; 
Martinotti's picro-nigrosin, 8 " 
Distilled water, 10 c.c. 

1 . 70 per cent, alcohol. 

2. Stain in the solution six hours. 

3. Decolorize in dilute acetic acid. 

4. Absolute alcohol. 

5. Xylol. 

6. Xylol balsam. 
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Resting nuclei, red ; nuclein of karyokinetic figures, yellow : 
cell-protoplasm, dark olive-green ; " cancer-bodies," mainly 
olive-gray, but some or portions of them may be ruby-red. 

V. Ligrht Ghreen (Lichtfirriin) and Hematoxylin. — 
Ehrlich's acid hematoxylin, 15 c.c. 
Saturated solution of Lichtgriin in 70 per cent. 

alcohol, 5 " 

Distilled water, 15 " 

1. Distilled water. 

2. Stain in above mixture half an hour. 

3. Wash thoroughly in several waters. 

4. Alcohol. 

5. Oil of bergamot. 

6. Balsam. 

Nuclei, green ; " cancer-bodies " take the hematoxylin stain. 

VI. Acid Puchsin and Hematoxylin. — 

Ehrlich's acid hematoxylin, 15 c.c. 

I per cent, solution of acid fuchsin in 70 per 

cent, alcohol, 15 " 

Distilled water, 1 5 " 

Stain as in V. 

Nuclei, red ; protoplasm, brick-red ; " cancer-bodies " take 
the hematoxylin stain. 

Orcein, a vegetable dye obtained from certain tinctorial 
lichens, is used mainly for staining elastic fibers. It is 
soluble in alcohol, and is employed either in a neutral or 
acid (HCl) alcoholic solution. 

lodin is the oldest of the histological stains, but is now 
but little used for that purpose. 

The tincture of iodiyi, a saturated solution in alcohol, is 
used for getting rid of the precipitate of mercury formed in 
tissues fixed in corrosive sublimate or in Zenker's fluid. 

I/Ugol'S solution, a solution of iodin in water containing 
iodid of potash, is of varying strength. Iodin in this form 
is much used as a test for starch, amyloid, glycogen, and 
corpora amylacea. In Gram's stain and its modifications iodin 
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produces some chemical change in the coloring material em- 
ployed, in consequence of which, when appropriate decolor- 
izers are used, the stain remains fast in certain structures^ 
while from others it is easily entirely extracted. 

The strength originally employed by Gram for his stain- 
ing method was — 

lodin, I gram; 

lodid of potash, 2 grams ; 

Water, 300 c.c. 

Weigert in his modification of this method employed a 
stronger solution : 

Iodin» I gram ; 

lodid of potash, 2 grams ; 

Water, lOO ex. 

Recently he has recommended the following strength both 
for fibrin and for neuroglia-fibers ; 

lodid of potash, 5 grams 1 . ^ a . ,.u - v^ 
^ ^ ^ } saturated wnth todin. 

Water, * 100 ex, J 

The only difference in the action of the various solutions 
probably is that the strong solution acts practically instan- 
taneously; while the weaker solutions require some little time. 

Acid Alcohol {Ortlis Discharging Fluid). — 

Hydrochloric acid, I ex.; 

70 per cent, alcohol, 99 ** 

Aniline Water {Amiine-mi Wattr). — Shake together 5 
parts of aniline with 95 parts of water, and fitter the re- 
sult in j^ milky fluiil It should come through perfectly clear- 

Carbolic-acid water is made in like manner by shaking 
together 5 c.c, of melted carbolic-acid crystals and 95 c.c* 
of water. The solution sliniild be filtered 

Mayer's glycerin-albtittuii mixttire for attaching 
paraffin sections to slides is composed of equal parts of the 
white of egg and of glycerin. The mixtune should be thor- 
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oughly beaten and then filtered, or after standing for some 
time can be decanted Add a little camphor or carbolic acid 
to prevent decomposition. Egg-albumin is dissolved by 
acids and alkalies, so that when such reagents are to be 
used the sections are best attached to the slide by sonne 
other substance. For this purpose SchailiSamns soluHan^ 
of celloidin i part in 3 or 4 parts of oil of cloves, is often 
useful. Cover the slide with a thin layer of the solution. 
Arrange the sections in order on the slide and place it in 
the thermostat at 54° to 60*^ C. for several hours, or heat 
for a few seconds to half a minute over the flame until the 
oil of cloves runs together in drops. After cooling, remove 
the paraffin with xylol, pass through origanum oil to 95 per 
cent, alcohol, and proceed as with other paraffin sections. 

Clearing Reagents. — The object of clearing reagents 
is to render certain tissue*elements more prominent than 
others. This result may be brought about by dilute acetic 
acid (2-5 ; too), which swells up the ground substance, so 
that nuclei, elastic fibers, fat, myelin, and micro-organisms 
are more distinct, or by alkalies, which destroy the cells and 
ground substance and leave only elastic fibers and bacteria 
but little changed. This method is used almost wholly for 
fresh tissues. 

The same result is more commonly obtained by soaking 
the tissues in substances which by reason of their high index 
of refraction render the tissues more or less trans]:^rent. 
Any structure which it is desirable to study is usually pre- 
viously stained and thus easily rendered prominent. This 
second method is most applicable to hardened tissues. 

For soaking and clearing the tissues a variety of reagents 
of different chemical properties are used. Glycerin and 
acetate of potash are not so much employed as formerly, 
because balsam mounts are more generally preferred. Of 
the other reagents (ethereal oils and coal-tar products), the 
the choice depends mainly on two factors — ^the kind of stain 
which has been employed, and the substance in which the 
sections have been imbedded. Many of the clearing re- 
agents either dissolve celloidin or will not clear it from 95 
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per cent alcohol, and nearly all of them will extract aniline 
colors more or less rapidly. 

Most of the clearing reagents can be used after hema- 
toxylin and carmine stains. For celloidin or paraffin sections 
stained by either of them oleum origani cretici, oil of ber- 
gamot, or the mixture of the oils of cloves and thyme is 
recommended in the order given. 

For aniline stains the best clearing reagent is xylol, which, 
however, clears directly only from absolute alcohol It can 
be used, however, for celloidin or other sections dehydrated 
in 95 per cent, alcohol by a simple method original with 
Welch, and lately brought into notice by Weigert. Blot 
the section on the slide with smooth soft filter-paper, and 
then pour on a few drops of xyJol ; repeat the blotting, fol- 
lowed by xylol two or three times, and the section will be 
found to be perfectl)' clear. 

Oleum Origani Cretici. — Colorless to light brown in 
color ; clears readily from 95 per cent alcohol without dis- 
solving celloidin ; aflccts aniline colors slowly. Ordinar>^ 
origanum oil is impure oil of thyme, and should not be 
used. 

Oil of Bergamot. — Light green in color ; clears quickly 
from 95 per cent alcohol ; does not dissolve celloidin, but 
after repeated use of the same lot of oil it will sometimes 
soften it a little. Affects aniline colors slowly, with the ex- 
ception of eosin. which it extracts very quickly. 

Oil of Gloves, — Straw-colored; clears quickly from 95 per 
cent alcohol; dissolves celloidin; extracts aniline colors, 
especially methylene-blue. 

Oil of Thyme. — Colorless; clears readily from 95 per 
cent* alcohol ; makes sections brittle ; does not dissolve cel- 
loidin ; affects aniline colors. 

Oil of Lavender, — Clears celloidin sections readily from 
95 per cent alcohol 

Oil of Cedar- wood. — Pale straw-color ; clears from 95 per 
cent alcoho!^ but, unfortunately, clears celloidin sections verj-^ 
slowly: docs not affect aniUne colors. 

Aniline {Auiiine Oil). — Colorless when perfectly pure and 
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fresh, but soon oxidizes and turns brown ; does not dissolve 
celloidin ; clears readily from 70 per cent, alcohol ; will clear 
from water by Weigert's method; extracts aniline colors 
slowly. 

Xylol. — Colorless ; docs not dissolve celloidin ; does not 
affect aniline colors ; clears directly only from absolute alco- 
hol ; but will clear even celloidin sections from 95 per cent, 
alcohol if they be blotted on the slide, and the xylol be then 
poured over them ; the process of blotting followed by xylol 
must be repeated two or three times. 

Dunham's Mixture of the Oils of Cloves and Thyme. — 
Excellent for sections stained in hematoxylin or carmine. 
Not nearly so expensive as pure origanum or bergamot oil. 

Oil of cloves, I part ; 

Oil of thyme, 4 parts. 

Filter if cloudy ; clears celloidin sections readily from 95 per 
cent, alcohol without dissolving the celloidin. 

Weigrert's Mixture of Carbolic Acid and Xylol. — 
. Carbolic-acid crystals, i part ; 

Xylol, 3 parts. 

Recommended for clearing thick sections of the central 
nervous system after carmine and hematoxylin stains only. 
The next mixture is more used now-a-days. 
Weigrert's Mixture of Aniline and Xylol. — 

Aniline, 2 parts ; 

Xylol, I part. 

Mounting Reag^ents. — The most generally used reagent 
for permanent mounts is Canada balsam. Damar and colo- 
phonium arc only exceptionally preferred. 

Canada balsam occurs in commerce as a very thick, tena- 
cious, pale, straw-colored fluid. It should be evaporated 
over a water-bath to drive off all volatile substances, which 
might affect aniline colors, until it becomes solid and brittle 
on cooling. Dissolve it then in xylol, which does not affect 
aniline colors, to a rather thin, syrupy consistency. Two 
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pounds of Canada balsam will evaporate to about one 
pound; add xylol enough to make the mixture up to two 
pounds. In this condition it is often called xylol bulsmn, 

Canada balsam has a high index of refraction, so that tis- 
sues mounted in it become s^vy transparent, and only those 
parts arc visible which are stained. Other solvents of Canada 
balsam, such as chloroform and benzine, may be used, but 
cannot be recommended for sections stained with aniline 
colors. For tissue stained with osmic acid, ihiarof&rm bal- 
sam^ prepared in the same way as xylol balsam, sliould 
always be used, otherwise the osmic acid stain will fade 
rapidly, 

Damar has a lower index of refraction than Canada bal- 
sam; is soluble in xylol, chloroform, etc; dries slowly, and 
is generally recommended for Gol^ preparations. 

Golophonium dissolved in benzine is employed by Nissl 
for mounting stained preparations of gang lion -eel Is, 



METALLIC STAINS OR IMPREGNATIONS, 

Experimental investigation has shown that certain metals 

can be used for staining certain tissue-elements, either be- 
cause they are directly reduced from solutions of appropriate 
salts or because they are taken up and retained by certain 
tissue-elements, which are rendered prominent when the 
metallic salt is reduced later. The most valuable metals for 
this purpose are silver, goldj and osmium. 

Silver is used, generally in the form of silver nitrate, to 
stain of a brown or dark-brown color the cement substance 
between epithelial and endothelial cells and the ground sub- 
stance of connective tissue. The method finds its chief use 
in pathology in demonstrating the endothelial covering of a 
doubtful surface, in outlining the endothelial cells of patho- 
logically altered blood- and lymph-vcsscIs, and in staining 
the ground substance of the connective tissue of the cornea 
when that organ is used experimentally for the study of in- 
flammation. In combination with certain other salts, espe* 
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dally bichromate of potassium, nitrate of stiver is much em- 
ployed in the Golgi methods to stain ganglion-cells and their 
processes? \x\ the central nervous system. 

The difficulty of the silver method lies in the fact that the 
salt forms with albuminous fluids granular and thread-like 
coaguia which can easily give rise to false pictures. For 
this reason the method is limited almost entirely to natural 
surfaces, which should be washed off with water or a 2 
per cent solution of nitrate of sodium before the silver solu- 
tion is applied. It is generally advisable to use the nitrate 
of silver in a very dilute solution, 1 : 250 or 500. The solu- 
tion is allowed to act on the surface for about a minute, and 
is then washed off with water. The tissue is next exposed 
in w^ater to the action either of sunlight or of diffuse light. 
The outlines of the cells soon appear as dark lines, brown to 
black in color. The tissue to be stained should be kept 
stretched, because a precipitation of the silver occurs 
wherever there is a fold in the surface. Although nitrate 
of sih^er penetrates but a slight distance, it is possible to 
stain the outlines of the endothelial cells of the lymphatics 
and blood-vessels as well as the ground substance of the 
connective tissue — in a rabbit's diaphragm, for instance^ — -by 
treating the upper or lower surface wnth the silver solution. 
The thoracic organs should be removed, and then the upper 
surface of the tendinous portion of the diaphragm left in 
situ is exposed to the action of the silv^er salt in the manner 
already described. 

The outlines of the endothelial cells of blood-vessels are 
usually stained by injections of the silver salt through an 
artery. In the same way the limits of the epithelial cells 
of the alveoli of the lung can be stained by injections through 
a bronchus. 

Although generally employed in solution, nitrate of silver 
is sometimes used in the solid form, and for the cornea thb 
method is preferable. Chloroform the animal, preferably a 
rabbity deeply ; rub the cornea with a stick of nitrate of 
silver hard enough to remove the surface epithelium. Allow 
the salt to act about ten minutes, then kill the animal, re- 
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move the eye, cut out the cornea, wash it, and expose to 
diffuse daylight for half an hour. It is then placed in a 
mixture of glycerin and water, 30 parts to 70, very slightly 
acidulated with acetic acid (about -^^ per cent) for twenty- 
four hours, so as slightly to swell and to soften the tissues. 
Sections of the cornea are best made with the freezing 
microtome. Incise the peripherj^ a little at four points 
equally distant from each other, so that the cornea will lie 
flat. A direct stain with alum-hematoxylin gives by all odds 
the best results. The sections may be mounted in glycerin 
or balsam. The latter method is perhaps the better. De- 
hydrate the sections in 50 per cent, then in 70 per cent., 
alcohol, clear in aniHne oil, wash with xylol, and imbed in 
balsam. This method avoids the shrinkage which is caused 
by using strong alcohol. 

Gold^ in the form of the simple or double chlorid, is em- 
ployed to stain the protoplasm of cells of connective tissue, 
and more particularly the axis-cylinders of nerve-fibers and 
their terminal processes. Like nitrate of silver, it acts as a fix- 
ing and hardening reagent as well as a stain. Unfortunately, 
it penetrates tissues but a very slight distance, and, so far as 
staining is concerned, is inconstant in action. Its chief use 
in pathology is in connection with experimental work on the 
cornea and in regeneration. The conditions under which 
the reduction of the gold salt takes place are not exactly 
understood, but both penetration and reduction are aided 
by the action of organic acids, such as formic, citric, and 
tartaric acids, on the tissues both before and after the treat- 
ment with the gold salt. Of the many methods proposed, 
the following are recommended: 

Lowit'8 Formic-acid Method. — i. Place very small bits 
of fresh tissue in a mixture of formic actd t part, and water 
I to 2 parts, until they become transparent (a few seconds 
to several minutes). 

2* Transfer to chlorid of gold, i to LJ parts to 100 of 
water, for fifteen minutes. 

3. Formic acid, i part to water 3 parts, for twenty-four 
hours. 
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4. Concentrated formic acid twenty-four hours. Preserve 
in glycerin or balsam. 

All the steps except the first should be performed in the 
dark. 

Ranvi6r*B Formic-aeid Method. — i. Boil together 8 c.c. 
of a I per cent solution of chlorid of gold and 2 ex. of 
formic acid When the solution is cold place very small 
bits of tissue in it for one hour, in the dark. 

2. Wash quickly in water. 

3. Expose to diffuse h'ght in a mixture of formic acid ro 
c,c, and water 40 c.c. Reduction takes place slowly (twenty- 
four to forty -eight hours), 

4. Harden in 70 per cent, then 90 per cent., alcohol in 
the dark. 

O Stoic Acid (perosmic acid, osmium tetroxid) is used as 
a fixing reagent and for staining fat and myelin, by which it 
is reduced As osmic acid is quickly reduced by organic 
substances, care must be taken in making up the solution. 
Remove the label from the sealed tube in which the acid 
comes, and place the tube, after cracking off one end, in a 
glass-stoppered bottle containing enough water to make a 
2 per cent, solution. If desired, the tube can be broken 
after it \b in the bottle by violent shaking. It should be 
borne in mind that osmic acid is very*irritating to the bron- 
chial mucous membrane. 

In a I or 2 per cent, solution osmic acid is used to staio fat 
in teased preparations or frozen sections of fresh tissues. In 
Marchi s method it is used to stain fat in tissues which have 
been hardened for some time in Mullet's fluid. As a fixing 
reagent it is usually combined with other reagents, as in Flem- 
ming's solution, both for its property as a fixative and for 
the purpose of staining any fat present. 

Preparations stained in osmic acid maybe kept indefinitely 
in alcohol When sections are mounted they should be 
cleared in chloroform, and preserv^ed in chloroform balsam 
prepared in the manner described elsewhere. Xylol and 
other clearing reagents cause the stain to fade. 
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STAINING riETHODS. 

The purpose of staining is to render prominent the differ- 
ent tissue-elements, so that they may be readily recognized 
and studied. The constant tendency now-a-days is toward 
selective or differential staining methods, by which but one 
tissue-element will be colored to the exclusion of all others, 
or at least of any element that might be confused with it 
morphologically. These selective stains, which really are 
micro-chemical color reactions, enable us to differentiate 
from each other with ease and accuracy cellular and inter- 
cellular elements, or pathological products which otherwise 
look alike. 

The list given on page 288 does not pretend to be either 
complete or perfect tn arrangement, but will give some idea of 
the various elements which we wish to stain. Those for 
which we now possess more or less perfect differential stains 
are printed in iiaiics. 

The simplest selective stain is, of course, that for nuclei, 
and it can be obtained with a great variety of staining re- 
agents. The most difficult element to stain differentially, 
although it can be done under certain conditions with a fair 
amount of success, is probably the axis-cylinder and its ter- 
minal processes. 

Tissue-elements and pathological products differ from 
each other, not only In form and consistency, but also in 
chemical properties. While perfect preservation of form is 
sufficient to distinguish certain cells or elements from each 
other — as, for instance, polynuclear leucocytes from lymph- 
oid cells — differentiation based on micro-chemical tests is 
always to be preferred when possible. A few of the tests 
employed are colorless, like the precipitation of mucin by 
acetic acid. Certain tests, like the methylene-blue or gold 
stain for axis-cylinders, can be applied to fresh tissues only. 

Others, like the various amyloid reactions, can be obtained 
with fresh or hardened tissues. Most of the micro-chemical 
reactions, however, can be employed only witli tissues which 
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Cell. 



Nucleus. 



Cuticle. 



Protoplasm. 



Nucleolus. 
Resting nucleus. 
Linin. 

r I. Do not stain by Gram. 
Bacteria. \ 2. S/ain by Gram. 

\ 3. Slain by luberclC'bacillus method. 
Nucleus of ameba colt. 
Centrosome and polar bodies. 
Mastzellen. 
Plasma-cell of Unna. 

t Five kinds of gran- 
Leucocytes. J ules described by 

i Ehrlich. 
jVissrs granules in ganglion-cells. 
Dettdritic processes of ganglion-cells. 
Axis-cylinder and terminal processes. 
Contractile elements of striated muscle-fiber. 
Red blood-globules. 
. Cilia of bacteria. 
Certain dots or lines in ependymal cells. 
So-called cilia in certain renal cells. 
Bile- capillaries. 



Granules. < 



Intercellular 
substances. 



Cement substance of epithelial and endothelial cells. 

Ground substance of connective tissue. 

Connective-tissue fibrilLe and reticulum. 

Myxomatous tissue ; mucin. 

Elastic fibers. 

Intercellular substances of cartilage. 

Ground substance of bone. 

Myelin. 

Ncuroglia-fibers. 

Clubs of actinomyces. 

Capsules of bacteria. 



Pathological 
products. 



Hyaline substances. 

Fat. 

Hemosiderin. 

Hematoidin. 

. Hemoglobin. 



Fibrin. 
Mucin. 

Amyloid. 

Glycogen. 

Hyalin. 

Colloid. 

Keratohyalin. 

E lead in. 
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been properly preserved. It is exceedingly important, 
therefore, that a tissue-element be so fixed and hardened that 
its peculiar chemical properties be presented intact, othenaisc 
a differential stain for it is impossible. Each tissue-element 
is a law unto itself. For example, the peculiar chemical 
properties of red blood-globules depend on the presence in 
them of hemoglobin. As a differential stain of the red 
blood-globules depends on fixing this substance in them, it 
is necessary to find out the chemical properties of hemo- 
globin, such as the fact that it is soluble in water or dilute 
alcohol, but not in salt solution, and that it is fixed in the 
red blood-globules by heat, absolute alcohol and ether equal 
parts, corrosive sublimate, formaldehyde, bichromate of po- 
tassium, etc. 

While differential stains depend in part on the chemical 
properties of the tissue-elements, they also depend to a cer- 
tain extent on the chemical properties of the staining re- 
agents and the decolorizers used. 

Some of the tissue*elements can be stained diflTerentially m 
a number of ways, sometimes after one fixing agent, some- 
times after another. The simplest differential stains are those 
where certain tissue-elements stain directly in a given solu- 
tion after the}" have been properly fixed. Good examples 
are — Ehrlich's triple stain for certain protoplasmic granules 
in leucocytes, and the direct stain for elastic fibers with an 
acid alcoholic solution of orcein* 

Other diflerential stains depend on the property of certain 
elements to hold colors they have once taken up when 
treated with decolorizers. The best example of this is the 
tubercle bacillus, which holds certain stains tlirough various 
acids, or aniline hydrochlorate, followed by alcohol, and, if 
necessar>^ by a contrast-stain. 

Still another varied ijroup of elements (certain bacteria, 
fibrin, neuroglia-fibers, etc.) depends for a diflTcrential stain in 
part on changes produced in gentian- or methyl-violet by 
iodin. in part on the dccolorizer employed for extracting the 
coKiring reagent 

Although the steps of the various staining methods diflfcr 
10 
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considerably, they may be roughly arranged in the following 
order : 

K Staining; 

2. Differentiating, 

3. Decolorizing, 

4. Dehydrating. 
5* Clearing. 

6. Mounting, 
Ver>' often two or more of the steps are combined in one, 
as when aniline oil is used for decolorizing, dehydrating, and 
clearing sections stained for certain bacteria. Sometimes the 
staining process occupies more than one step, as in Weigert's 
myelin-sheath stain. In alum-hematoxylin the differentiating 
reagent, the excess of alum, is combined with the stain ; in 
Gram's method the differentiating reagent, iodin, forms a step 
by itself. 

NUCLEAR STAINS. 

For general histological work few stains are more valua- 
ble or can be more highly recommended than alum-hema- 
toxylin, either alone or in contrast with eosin. Prop- 
erly made and used, the solution stains the nuclei sharply 
and of varying degrees of intensity, depending on the cha- 
racter of the cells. Besides the nuclei, however, it stains 
other tissue-elements in delicate shades of blue, so that they 
are readily visible, and thus more or less differentiated from 
those structures which fail to stain. 

Of the carmine stains, lithium carmine, followed by picric 
acid, will be found the most brilliant, generally useful, and 
permanent. 

Safranin gives, perhaps, the most permanent stain of any 
of the basic aniline dyes, and confines itself ver>^ sharply to 
the nuclei. It is much used after certain fixing reagents, such 
as Flemming's and Hermann's solutions, Eosin, followed by 
methylene-blue, gives beautiful results, especially when 
Unna's alkaline solution of niuthylcne-blue is used. The 
advantages of this solution are that it stains readily tissues 
hardened in Zenker's fluid and brings out nuclei and nuclear 
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figureii with great sharpness, while at the same time it stains 
the protoplasm of certain cells so that they are easily dis- 
tinguished from other cells. The Heidenhain-Biotidi triple 
stain is useful after fixation in corrosive sublimate, but can- 
not be employed with celloidin sections^ so that its field is 
limited. The other aniline dyes are used on occasion or for 
some definite purpose, but not so generally as those men- 
tioned above. 

Alom-hematoxylm Stains. — Most alum-hematoxylin 
solutions will over-stain if the sections are left too long in 
them. The proper time required depends on the fixing re- 
agent used and on the degree of ripeness of the staining 
solution. It is therefore advisable to wash a section in water 
occasionally and decide from the color it has acquired if it 
be sufficiently stained, or to mount it in water on a slide and 
examine with the low power of the microscope. 

The best results are obtained with alum-hematoxylin solu- 
tions by staining sections just deeply enough, washing them 
thoroughly in several changes of water, and leaving them in 
a large dish of water over night. This thorough washing is 
done to rid the tissues of every trace of alum or of acid, so 
that the color will become a clear blue and will keep in- 
definitely. 

Many microscopists prefer to stain deeply and diffusely in 
an old, quickly-staining alum-hematoxylin solution ^ and then 
to employ a decoloriaer. The agents most used for the pur- 
pose are alum (i per cent aqueous solution for one to two 
hours), hydrochloric acid {^ to \ per cent, aqueous solution, 
or even the ordinary acid alcohol), and acetic acid (l to 3 per 
cent, solution) for a few seconds only. After being suf- 
ficiently decolorized the sections must be thoroughly washed 
in water, preferably for a number of hours, otherwise the 
stain will fade. The objection to this method is that a pure 
nuclear stain only is obtained, because the acid removes the 
color completely from all the rest of the tissue. Under cer* 
tain circumstances, as when hematoxylin is used as a con- 
trast-stain to fuchsin in staining for tubercle badlli, such a 
sharp limitation to the nuclei is desirable. 
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Almn*hematoxylin stains well and quickly tissues hard* 
ened in alcohol, in corrosive sublimate, and in picric acid. 
It stains much more slowly tissues hardened in solutions 
containing chrome salts, such as Zenker s and Mullers 
fluids. 

For counter-staining eosin will usually be found to give 
the most beautiful contrast, although picric acid, Van 
Gieson's mixture, and neutral carmine are often of service. 

A good alum-hematoxylin solution should have a bluish 
or purplish color, and should stain ccUoidin very* faintly or 
not at alL 

AqneouB Alam-hematoxyliii ; Delafield^s Hema* 
toxyllii; Ehrlich's Acid Hematoxylin (see pages 265 
and 266), 

1. Stain in one of the above solutions two, five, or thirty 
minutes, or sometimes even longer 

2. Wash in several changes of water, and then leave sec- 
tions, if possible, for several hours or over night in a large 
dish of water; or better still, wash in running tap water for 
ten to thirty minutes, 

3. Contrast- stain, usually an aqueous solution of eosin,. 
1^ to I per cent, for one to five minutes, 

4. Alcohol, 95 per cent, two or three changes to dehydrate 
and to remove excess of contrast-stain. 

5. Clear in oleum origani cretici or in Dunham's oils-of- 
cloves-and -thyme mixture. 

6. Canada balsam. 

The staining of the nuclei by Ehlrfch^s alum-hematoxylin 
solution IS not so sharp as that obtained by the simple aque- 
ous solution. 

The more customary method of using Delafield's alum-"" 
hematoxylin solution is to filter a few drops of it into a dish 
of water and to stain sections for a long time, even over 
night, with the very dilute solution thus obtained. It is 
sometimes advisable to use the aqueous solution in the same 
way* 

Mayer's Hemalum (see page 266).— 1. Stain three to 
five minutes or longer. 
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2. Wash out in i per cent, alum solution until the stain is 
precise. 

3. Wash thoroughly in several changes of water, 

4. Alcohol, 95 per cent. 
5* Oitfum origan! cretici. 
6. Canada balsam. 

The staining is rather diffuse, so that it has to be washed 
out to some extent with alum-water Mayer's acid hemalum 
is more precise, and usually does not need to be decolorized* 
so that the second step can be omitted. 

Hemalum is used for staining tissues in bulk. Twenty- 
four hours are required for large pieces, 

Heidentmin'B Hematoxylin Stain.— L Stain twenty- 
four to forty-eight hours in a simple | per cent, aqueous 
solution of hematoxylin dissolved by the aid of heat. 

2. Transfer the sections directly to a i per cent, aqueous 
solution of simple chromate of potassium for twenty-four to 
forty-eight hours, changing the solution frequently until no 
more color is given off by the sections. 

3» Wash thoroughly in water, 

4. Alcohol. 

5, Oil. 

6* Canada balsam. 

Mallory's Chlorid of Iron Hematoxylin,' — The 
results which can be obtained by this method are equally 
quick and satisfactory^ after all of the usual fixing reagents 
except, perhaps, formaldehyde. 

CeJIoidin or paraffin can be employed for embedding. 

1. Stain sections on the slide for three to five minutes in 
a 10 per cent aqueous solution of ferric chlorid. 

2. Drain and blot llie sections ; then pour over them a 
few drops of a freshly prepared 1 per cent, aqueous solution 
of hemato.xylin. If all of the hcmatoxj-lin is precipitated by 
the excess of ferric chlorid, pour nff the solution and add a 
fresh supply. In three to five minutes the sections will be 
colored a dark bluish-black, 

3* Wash in water. 

* M ml lory : T^fJ*mtn^t pf Ex/»iHmtmini Mrdtdm^ 1900* v,, \%, 
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4. Decolorize and differentiate \x\ 2l y^ per cent, aqueous 
solution of ferric chlorid. The sections should be kept con- 
stantly moving in the solution. The differentiation will be 
complete in a few seconds to one or more minutes. 

5. Wash in water. 

6. Dehydrate in alcohol. 

7. Clear in oleum origani cretici. 

8. Xylol balsam. 

In the above directions definite strengths have been 
assigned to the solutions, but they may vary greatly with- 
out affecting the result. The important point is to get the 
sections stained deeply, and then to decolorize slowly. The 
differentiation can be stopped at any moment by transferring 
'the sections to water. Sometimes it is advisable to examine 
the sections under the microscope to see if enough color has 
been extracted. 

The strength of the hematoxylin solution is unimportant; 
it is simply necessary to have enough hematoxylin to com- 
bine with all of the iron in and on the section. The sim- 
plest way is to dissolve by the aid of heat a pinch of the 
crystals in a few cubic centimeters of water. A little ex- 
perience will determine about how much is needed. If a 
solution of hematoxylin more than one or two days old is 
used, the color obtained is grayish-blue, and not so bright. 

This method gives a sharp, permanent, dark-blue stain to 
nuclei; it also stains fibrin of a grayish to dark-blue color; 
if the decolorization is not carried too far, the contractile ele- 
ments of striated muscle are brought out very sharply. In 
Zenker preparations the red globules appear of a greenish- 
gray color. Connective tissue is tinted a pale yellow. The 
nucleus of the amoeba coli stains sharply by this method. 

Carmine Stains. — The ordinary'' carmine solutions give 
good nuclear stains, but of the finer details in a specimen 
they bring out much less than a direct alum-hematoxylin 
stain. They are much less used now than formerly, except 
as contrast-stains to bacteria and to fibrin in the methods of 
Gram and Wcigcrt, for which purpose lithium carmine will 
usually give the best results. 
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Alum Carmine: Alum Cochineal (sec page 269), — i. 
Water, 

2. Statn in either of the above solutions for five to twenty 
miiTUtes, 

3. Wash thoroughly in water. 

4. Alcohol, 95 per cent 

5. Oleum origani creiici 

6. Canada balsam. 

Over-staining does not occur. The solutions cannot be 
recommended for tissues which stain with difficulty. When 
used for staining in bulk, twenty *four to forty-eight hours are 
required. 

Lithiuni Garm^ma (see page 269), — ^i. Water. 

2. Stain two to five minutes^ 

3. Transfer directly to acid alcohol, one or more changes 
for several minutes or more» until the sections are well differ- 
entiated. 

4. Wash in water. 

5. Alcohol, 95 per cent 
d Oleum origani cretici. 

7. Canada balsam. 

This method gives an intense and permanent bright-red 
nuclear stain. Over-staining is impossible, A trace of 
picric acid added to the alcohol used for dehydration 
affords a beautiful contrast-stain. 

Aniline Dyes as Nuclear Stains.— Any of the basic 
anilme dyes may be used as nuclear stains after the following 
general method : 

1. Stain paraffin sections in a strong solution of the dye 
preferred in water or in dilute alcohol for five to thirty 
minutes, 

2. W^ash in water 

3. Dehydrate in absolute alcohol 

4. Clear in xylol. 

5. Xylol balsam. 

With celloidin sections use 95 per cent, alcohol, blot with 
filter paper, and clear in xylol 

As a matter of fact, however, certain dyes and certain 
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solutions are generally used in preference to the others. 
Most of the colors are more or less affected by all clearing 
reagents except xylol With parafBn sections and those 
from which the celloidin has been removed it is very 
easy to dehydrate in absolute alcohol and to clear in 
xylol. With celloidin sectiotis, however, this is impossible, 
because the absolute alcohol will dissolve out the celloi- 
din, and this is usually not desirable. For celloidin sec- 
tionsj therefore, blot with filter paper, and then pour on 
xylol; repeat the blotting j followed by xylol, two or three 
times until the specimen is perfectly clean Mount in xylol 
balsam. 

In washing out the excess of color it is sometimes found 
advantageous to acidulate very slightly either the water or 
the first alcohol with acetic or hydrochloric acid. This pro- 
cess, if not carried too far, tends to make the nuclear stain 
sharper 

Safnwin is one of the very best nuclear-staining aniline 
dyes. Tissues may be hardened in alcohol, corrosive subli- 
mate, Flemming's^ Hermanns^ or Zenker's fluids. Any 
one of the solutions of safranin given on page I'Ji may 
be used. 

L Stain paraffin sections two to five minutes to twenty- 
four hours according to the staining solution and fixing re- 
agent used. 

2. Wash in water. 

3. Absolute alcohol, several changes, until the section 
appears properly differentiated. 

4. Xylol. 

J. Xylol balsam. 

For celloidin sections dehydrate in 95 per cent, alcohol, 
clear in bergamot or origanum oil, and wash out in xylol. 
To render the stain more precise a few drops of acid alcohol 
are sometimes added to the first alcohol. 

Eosin and Methylene-blu©. — Harden in alcohol, Zenker's 
fluid, or corrosive sublimate; Zenker's fluid is especially 
recommended 
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1, Stain paraffin sectiom in a 5 to 10 per cent aqueous 
solution of eosin for five to twenty minutes or longer. 

2, Wash in water to get rid of excess of eosin, 

5. Stain in Unna*s alkaline methylene-blne solution (see 
page 271), diluted i-io with water, for one-half to one 
hour, or use a stronger solution, and stain fur a few minutes 
only. 

4. Wash in water. 

5. Differentiate and dehydrate in 95 per cent, alcohol 
followed by absolute alcohol until the pink color returns 
in the section. 

6. Xylol 

7* Xylol balsam. 

For celloidin sections use 95 per cent alcohol, blot, and 
pour on xylol ; repeat the last tw^o steps until the specimen 
is clear. 

It is important to get a deep stain with eosin, because the 
methylene-blue washes it out to a considerable extent The 
eosin must be used first, because methylene-blue is readily 
soluble in an aqueous solution of eosin, and therefore is 
quickly extracted if the eosin is used after it, while on the 
other hand eosin is very slightly soluble in an aqueous solu- 
tion of methylene-blue which is precipitated by any excess 
of eosin. 

Biffiise or contrast-stains are useful to make promi- 
nent certain of the tissue-elements left uncolored by the 
nuclear stain. A greater richness of detail is obtained with 
diffuse stains if, after rather deep staining, the sections be 
washed out for some time in alcohol, because certain struc- 
tures possess a greater affinity than others for certain diffuse 
stains, and by holding them are brought out sharply. 

Of the diffuse stains, eosin, picric acid, and acid-fuchsin in 
Van Gieson's mixture are the ones most frequently em- 
ployed. 

Soam is most frequently us«d as a contrast to alum-hema- 
toxylin stains, but is often semceable with alum-cochineal, 
methylene-blue. gentian-violet, etc. It brings out particu- 
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larly well red hlood-globules and smooth and striated muscle* 
fibers. The strength of the solutions used after hematoxy- 
lin varies from ^^ to \ per cent according to the tissue and 
the fixative used. Zenker*s preparations stain intensely in 
eosin. so that for them a very dilute solution is advisable. 
When desired as a contrast-stain to basic aniline dyes* eosin 
should be used first in a 5 or even lo per cent solution, 
because otherwise it is Hkely to be washed out by the 
nuclear stain. 

Picric acid is used for contrast with the carmine stains, 
more rarely with aium-hematoxyiin* Striated muscle-fibers 
and cornificd epithelium are rendered especially prominent 
by it. To stain with picric acid it is only necessary to add a 
few drops of a saturated aqueous solution to a dish of water, 
or of a saturated alcoholic solution to a little alcohol, and 
allow sections to remain in the solution for a few seconds. 

Van Gieson'e stain (see p, 274), a mixture of picric acid 
and acid fuchsin, is excellent as a contrast-stain to alum- 
hematoxylin, especially when it is desirable to render promi- 
nent connective-tissue fibriH^ or certain pathological prod- 
ucts. The nuclear stain with alum-hcmatoxylin must be 
rather deep, because the picric acid to some extent extracts 
or overpowers it, 

1 . Stain deeply in alum-hematoxylin. 

2. Wash in water. 

3. Stain in Van Gieson's solution three to five minutes. 

4. Wash in water and dehydrate directly in 

5. Alcohol, 95 per cent. 

6. Oleum origan! cretici. 

7. Canada balsam. 

Neutral Carmine (see page 269). — Neutral carmine is a 
diffuse stain, and is employed more especially for the central 
nervous system and for bone. 

Filter one or two drops of the solution into 20 c.c. of dis- 
tilled water, and leave the sections in the dilute solution over 
night It is advisable to place a piece of filter-paper on the 
bottom of the dish for the sections to rest on, otherwise they 
may be stained on the upper side only. In double stains 
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with hematoxylin and carmine the sections .should be stained 
first in the hematoxylin and then thoroughly washed in water 
for six to twelve hours before they are stained in the carmine. 
After the carraine they are again to be thoroughly washed in 
water, 

Combmation Stains. — Biondi-Heidanham Stain (see 
p. 27s). — ^Tissues must be hardened in corrosive sublimate, 

K Stain paraffin sections six to twenty-four hours with the 
dilute solution. 

2. Wash out a little in 90 per cent alcohol, 

3. Dehydrate in absolute alcohol, 

4. Xylol 

5. Canada balsam. 

It is important to place the sections directly from the 
staining fluid into the alcohol, because water washes out the 
methyl-green almost instantly. 

Staining in Mass,^The staining of tissues in mass is a 
procedure nnich less employed in pathological than in nor- 
mal histology, but still occasionally useful For patholog- 
ical tissues a variety of stains is generally necessary. It is 
therefore much better to make a series after one of the 
met]iods described, and then to stain the sections in what- 
ever way seems best. 

For staining in bulk only a limited number of solutions 
are available — either those, like alum-carmine and alum- 
cochineal, which do not stain beyond a certain point, or 
those, like lithium and borax -carmine and Heidenhain's 
hematoxylin, which may be decolorized so as to leave only 
th^ nuclei stained, The process of staining differs from that 
for sections only in the length of time required for each step. 
Tissues \ cm, thick will need from one to two days in the 
staining solution. 



MITOSIS. 

For the study of kar^omilosis it is important that the 
tissue be perfectly fresh — that is, just removed from a living 
animal or from one just dead — and that it be fixed in a 
suitable reagent as quickly as ]>ossible. The best results 
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cannot be obtained with tissues put into a hardening fluid 
over half an hour after removal from a hving animal- On 
the other hand, mitotic figures can be demonstrated in tissues 
which have been dead for some time (twent>'-four hours or 
more) before being put into a fixing reagent, but the details 
of the figures are not so perfect as those in perfectly fresh 
tissues, and the figures are not so numerous, because some 
of them have completed their changes and can no longer be 
recognized. It is therefore evident that mitosis can be 
studied much better in tissues from the lower animals, or 
in tissues removed by operation from the human body, 
than in the organs and tissues removed at post-mortem 
examinations. 

The choice of fixing reagents for the study of mitotic 
figures is important. The figures can often be demonstrated 
after hardening in alcohol or even in Mullcr s fluid, but for 
their careful study quicker and more perfect fixing reagents 
must be used. Nearly all of the reagents employed pene- 
trate slowly, so that it is absolutely necessary' for the best 
results that the tissue to be hardened be cut into very thin 
slices, rarely over 4 mm. in thickness and preferably not over 
2 mm. The amount of fixing reagent used should ahvays be 
at least ten to fifteen times as great as the volume of the 
tissue J and should be changed if it becomes cloudy. 

The most important fixing reagents are — 

1. Flemming^s solution, 

2. Hermann's solution. 

3. Pianese*s solution. 

4. Zenker's fluid. 

5. Corrosive sublimate. 

6. Orth's fluid. 

The first three solutions penetrate with much difficulty, so 
that tissues placed in them should be especially thin. The 
most generally useful stain for mitosis is probably safranin* 
The time of staining varies with the solution used. Babes' 
is the quickest. The mitotic figures should be stained 
deeply : then, when treated with alcohol slightly acidulated 
with hydrochloric acid, they will retain the color, while the 
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resting nuclei will yield up most of theirs and become very 
pale or even colorless- In consequence of this intense stain 
mitotic figures can then be very' readily found. 

Directions for Staining Karyomitotic Figures with 
Safranin, — ^1, Stain paraffin sections hx^ minutes to twenty- 
four hours, according to solution used 

2. Wash in water, 

3. Wash in 95 per cent, alcohol to which are added a few 
drops of acid alcohol. 

4. Wash in pure 95 per cent* alcohol^ followed by absolute 
alcohol 

5. Xylol 

6. Xylol balsam. 

For celloidin sections dehydrate in 95 per cent, alcohol, 
blot, and pour on xylol ; repeat the last two steps until the 
sisecimen is clear. Safranin can be used after any of the 
above fixing reagents. 

Other useful stains are carbol-fuchsin and aniline-gentian- 
violet, used in the same way as the safranin. The Gram- 
Weigert method gives good results after Flemming's solu- 
tion. 

After fixing in corrosive sublimate mitotic figures can be 
demonstrated by the Biondi-Heidcnhain solution, which 
stains resting nuclei blue-violet and mitotic figures green. 
After Pianese s solution his special staining mixtures should 
be used (see page 275). His methods are said to give 
beautiful results. 



SPECIAL STAINS FOR CERTAIN TISSUE-ELEMENTS 
OTHER THAN NUCLEL 

MASTZELLEN. 

Mastzelles are found in the connective tissue, more 
especially in chronic inflammatory processes. Their proto- 
plasmic granules stain intensely like bacteria with the basic 
aniline dyes. Several methods of staining the granules are 
given. With Unna's stains for plasma-cells a differential 
color-stain is obtained for the granules of the mastzellcn. 
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Ehrlich's Method. — A, General Stain, — Harden in alcohol. 

1. Stain with a saturated aqueous solution of dahlia. 

2. Wash out with acidified water. 

3. Dehydrate in alcohol ; clear and mount in Canada 
balsam. 

B, Specific Stain, — Only the protoplasmic granules are 
stained. Harden in alcohol. 

1. Stain twelve hours in — 

Absolute alcohol, 50 c.c. 

Water, lOO " 

Glacial acetic acid, 12.5 " 

Dahlia,^ q. s., so that the 
solution is almost saturated. 

2. Wash out in alcohol, clear, and mount. 

C, Ehrlich' Westphal Method, — Nuclei red ; granules blue. 
Harden at least a week in alcohol. 

1. Stain in the following solution twenty-four hours : 
Alum-carmine solution, 200; 
Saturated solution of dahlia in absolute alcohol, 200; 
Glycerin, I GO; 
Glacial acetic acid, 20. 

(Stir repeatedly, then allow the mixture to stand for some 
time.) 

2. Decolorize for twenty-four hours in absolute alcohol. 

3. Oil, Canada balsam. 

Unna's Isolated Stains for Mastzellen. — Harden in alco- 
hol. Nuclei blue; protoplasmic granules of** Mastzellen " red. 

A, — I. Stain in polychrome methylene-blue solution, plus 
a little alum, for three hours to over-night. 

2. Wash in water. 

3. Absolute alcohol, oil of bergamot, balsam. 

B, — I. Stain in polychrome methylene-blue solution one- 
quarter of an hour. 

2. Wash in water. 

3. Decolorize in glycerin-ether mixture for five to ten 
minutes. 

4 Wash a long time in water. 
5. Absolute alcohol, oil, balsam. 
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PLASMA-CELtS. 

These are certain cells, much studied by Uniia, which are 
very abundant in subacute and chronic paithulogical pro- 
cesses, and which arc characterised by protoplasm which 
stains quite deeply in alkaline methylcne-bluc solutions. 
The two methods best suited for their demonstration furnisli 
at the same time a differential color-stain for mastzellen. 
The granules of the latter are stained red, the plasma-cells 
are stained blue. 

Utma'B Differential Stains for Plaema-ceDB and Maat- 
Eellen. — Harden tissues in absolute alcohol. 

A. — I, Stain paraffin sections in polychrome methylene- 
blue one-quarter of an hour to over*nfght, 

2. Decolorize in a small dish of water, to which are added 
a few drops of glycerin-ether mixture, 

3. Wash thoroughly in water. 

4. Absolute alcohols xylol, balsam* 

B. — I, Stain in polychrome methylene-blue solution five 
to fifteen minutes. 

2, Wash in water. 

3, Decolorize and dehydrate in a \ per cent, alcoholic 
solution of neutral orcein (about fifteen minutes), 

4, Absolute alcohol, xylol, balsam. 

CONNECTIVE-TISSUE FIBRlLi,>£ AND RETICULUM, 

Several methods are available for the demonstration of 
connective fibrillar and reticulum. The simplest is by means 
of Van Gieson's picric acid and acid-fuchsin solution, but it 
b applicable to the coarser fibers only. With Ribbcrl*s 
method contrast stains are incompatible. The stain with 
aniline blue is believed to be better than any yet proposed, 
but is limited to tissues hardened in corrosive sublimate 
solution or in Zenkcr*s fluid 

A. Mallory^s Aniline Blue Stain J — The following method 
is not absolutely differential because, besides connective-tis* 
sue fibrillar and reticulum, it also stains certain hyaline sub- 
stances, but these latter usually are, so diflTcrent mnrpho- 
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logically that confusion cannot arise. The method is also 
useful for the study of fibrin, smooth and striated muscle- 
fibers, and amyloid. 

1. Fix in corrosive sublimate or in Zenker's fluid. 

2. Imbed in celloidin or paraffin. 

3. Stain sections in a ^ to -jly of a i per cent, aqueous 
solution of acid fuchsin one to three minutes. 

4. Wash in water. 

5. Place in a i per cent, aqueous solution of phospho- 
molybdic acid for one minute or longer (use glass or 
platinum). 

6. Wash in two changes of water. 

7. Stain in the following solution for five to twenty min- 
utes or longer : 

Aniline blue soluble in water (Grubler), 0.5 ; 

Orange G (Grubler), 2.0 ; 

Oxalic acid, 2.0 ; 

Water, loo.o. 

8. Wash in water. 

9. Dehydrate in 95 per cent, alcohol. 

10. Blot on the slide, and clear in xylol, or clear in oleum 
origani cretici. 

11. Xylol balsam. 

The fibrillar and reticulum of connective tissue, amyloid, 
mucus, and certain other hyaline substances stain blue; 
nuclei, protoplasm, elastic fibers, axis-cylinders, neuroglia- 
fibers, and fibrin red ; red blood-globules and myelin-sheaths 
yellow. The various structures do not stain with equal 
intensity, so that certain ones are brought out with great 
sharpness. This is particularly true of the fibrillae and retic- 
ulum of connective tissue, and of fibrin and smooth and 
striated muscle-fibers. 

If it is desired to bring out the connective tissue as 
sharply as possible, omit the staining with acid fuchsin. 
Then the nuclei and protoplasm stain yellow, and the blue 
fibrilla.* and reticulum stand out more prominently. 
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B. Van Gieson'a Picro-ftichsin Stain. — The propditions 
given are those recommended by Freeborn. Occasionally 
it will be found nccessar\- to increase the proportion of the 
acid fuchsin, 

1, Harden in chrome salts or in corrosive sublimate. The 
results after alcohol are not so good. 

2. Stain deeply in alum-hematoxylin. 

3* Wash in water- ^ * 

4. Stain for three to five minutes in 

I per cent aqueous solution of acid fuchsin, 5 cc* 
Saturated aqueous solution of picric acid, lOO ** 

5*- Dehydrate in 95 per cent alcohol -*-^-d*^ 

6. Oleum origani cretici. 

7, Canada balsam. 

C* Ribbert's Phosphomolybdic-acid Hematoxylin Stain. 
— 1* Fixation in alcohol is preferable* 

2. Place sections in a 10 per cent, solution of pHospho- 
molybdic acid for five to thirty seconds (use glass or plati* 
num needles). 

3. Wash quickly in water. 

4. Stain five minutes or less in phospho molybdic acid 
hematoxylin. (For this purpose the solution can be used 
after it is twenty-four hours* old,) 

5. Water, 

6. Alcohol, oil, Canada balsam. 

Fibrillae deep blue ; other tissue-elements grayish-green ; 
contrast-stains incompatible. The method is recommended 
for staining the finest fibers of connective tissue. 

D. Unna's Orcem Stain. — i. Harden in alcohol 

2. Stain in the concentrated solution of polychrome 
methylcne-blue five minutes, 

5. Wash in water, \# 

4, Decolorize^ diflcrentiate. and stain in a l per cent, solu- 
tion of orcein in absolute alcohol fifteen minutes. 

5. Wash in absolute alcohol. 

6. Oil of bcrgamot. 

7, Balsam, 

10 
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Nuclei, dark blue ; protoplasm, pale blue ; elastic and con- 
nective-tissue fibers, deep orcein red ; smooth muscle-fibers, 
bluish ; mastzellen granules, red ; protoplasm of plasma-cells, 
deep blue. 

E. McJl's Differential Method for Reticulum.^ — i. Digest 
frozen sections of fresh tissue, 40 to 80// thick, for twenty- 
four hours in the following solution : 

Parke, Davis & Co/s pancreatin, 5 grams ; 

Bicarbonate of sodium, 10 " 

Water, 100 c.c. 

2. Wash carefully in clean water. 

3. Place sections in a test-tube half full of water, and 
shake thoroughly in order to remove all of the cellular 
debris. 

4. Spread out on slide, and allow to dry. 

5. Allow a few drops of the following solution to dry on 
surface : 

Picric acid, 10 grams ; 

Absolute alcohol, 33 c.c. ; 

Water, 300 " 

6. Stain for about half an hour in the following solution : 

Acid fuchsin, 10 grams ; 

Absolute alcohol, 33 c.c. ; 

Water, 66 " 

7. Wash in the picric acid solution for a moment. 

8. Alcohol, xylol, balsam. 

ELASTIC FIBERS. 

Elastic fibers are not affected by dilute caustic soda or 
potash, or by acids. These reagents are often used, there- 
fore, to demonstrate elastic fibers in the fresh condition, as, 
for example, in sputum, because they render them prominent 
by clearing or destroying the other tissues. The fibers show 

* Mall : Johns Ilopkim Hospital Reports, 1S96, i., 17 1. 



MISrOlOGlCAL METHODS. 



m 



a marked affinity for osmic acid, staining with greater rapid- 
ity than most other tissue-elements. 

For bringing out elastic fibers in sections of hardened 
tissues there are two excellent differential stains, of which 
the first, Weigert*s, is particularly recommended for the sim- 
plicjly of the method and the sharpness and intensity of the 
pictures it gives. 

A, Weigert's Stain for Elastic Fibers,^ — Fixation in 
alcohol or formaldehyde preferable, but other fixing reagents 
give good results. Imbed in celloidin or paraffin. 

I. Stain sections twenty minutes to one hour in the fol- 
lowing solution; 



Fuchsin, 
Resorcin, 

Water, 



21 

200. 



Boil the solution in a porcelain dish ; w^hen briskly boil- 
ing add 25 ex. of liquor ferri sesquichlorati ; stir and boil 
for two to five minutes. A precipitate forms. Cool and 
filter. The filtrate is thrown away. The precipitate remains 
on the filter-paper until all the water has drained away or 
until the precipitate has thoroughly dried. Then return 
filter and precipitate to the porcelain dish, which should be 
dry, but which should contain whatever part of the pre- 
cipitate remained sticking to it Add 200 ex. of 95 per 
cent, alcohol » and boil. Stir constantly, and fish out the 
filter-paper as the precipitate is dissolved off. Cool ; filter ; 
add alcohol to make up the 200 ex. Add 4 ex. of hydro- 
chloric acid, 

2, Wash off in alcohol. 

3, Blot w ith filter-paper, and add xylol quickly ; repeat 
the blotting, followed by xylol, two or three times until the 
section is perfectly cleared. 

4, Xylol balsam. 

Sections can be stained for scveial hours, li the rest of 
the tissue is over-stained, differentiate in acid alcohol; if the 
sections arc too deeply stained, tJie color cannot be washed 
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out Diffuse staining can be avoided by diluting the stain. 
The elastic fibers appear dark blue, almost black, on a clear 
background. The nuclei can be stained red with carmine 
before or after the staining of the fibers. 

The solution keeps for months. 

If it be desired to keep sections for some time before 
mounting, wash thcni in alcohol, and place in water. 

B, Unna*e Orcein Method for Elastic Fibers* — LJnna's 
latest metiiod of using orcein U as follows, and can be highly 
recommended : 

1. Stain sections in the following solution: 

Orcein (Griibler), 1 ; 

Hydrochloric acid> i ; 

Absolute alcohol, lOo. 

Place the sections in a dish and pour over them enough 
of the solution to cover them. Warm gently in an incubator 
or over a small flame for ten to fifteen minutes until the 
solution thickens, or leave in the solution at room-tempera- 
ture over night. 

2. Wash off thoroughly in dilute alcohol (70 per cent.). 

3. Wash in water to get rid of all the acid and to fix the 
color. 

4. Alcohol 

5. Oil. 

6. Balsam. 

The washing in water is not absolutely essential. 

Elastic fibers are stained of a deep silky-brown color, con- 
nective tissue a pale brown. If it is desirable to have only 
the elastic fibers stained, wash for a few seconds in 1 per 
cent, hydrochloric-acid alcohol before washing in water. 
The nuclei can be brought out by staining in Unna's poly- 
chrome metliylene-blue solution after washing the sections 
in water. 

MUSCLE- FIBERS. 

Smooth and striated muscle-fibers are brought out fairly 
sharply in contrast with other tissue-elements by means of 
eosin and of Van Gicson s picro-fuchsin stain. They are 
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broug^ht out much more clearly, however, by the aniline 
blue stain recommended for conncctiv^e tissue. When it is 
desired to render the muscle-fibers as prominent as possible, 
use a little stronger solution of acid fuchsin, and wash out 
longer in the alcohol The muscle-fibers api>ear red, the 
connective-tissue fibrillae and reticulum blue. 
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THE CENTRAL NERVOUS SYSTEM, 

In the preser\^ation of the central nervous system the 
special structures which require consideration are the gang- 
lion-cells, including both the dendritic and the axis-cylinder 
processes, the myelin sheaths, and the neuroglia-fibers. No 
one fixing reagent is suited for the best preservation of all 
of them, unless possibly it be formaldehyde. 

The main fixing fluids for the nervous system until within 
a very short time have been various solutions of the chrome 
salts, particularly of bichromate of potassium, either alone 
or in combination with sulphate of sodium, as in the well- 
known Miilfer's fluid The chief objections to the chrome 
salts as fixatives are that they penetrate and harden y^ry 
slowly, and do not preserve properly either the ganglion* 
cells or the neurogha-fibers. On the other hand, they prob- 
ably preserve the axL^-cylinders as wxll as any reagent we 
yet know, and are invaluable for their property of entering 
into some chemical combination with myelin, in consequence 
of which it is possible to obtain by the method originated 
by Weigert a differential stain of the myelin sheaths. 

The new fixing reagent, formaldehyde, seems likely to find 
its greatest use histologically as a fixative of the central 
nervous system. It penetrates and hardens up to a certain 
degree with great rapidity. It also preserves in certain struc- 
tures the special chemical properties on which certain differ- 
ential stains depend. Smalt pieces of nervous tissue are 
properly fixed in the standard solution (4 per cent solution 
of formaldehyde gas) in four days, A whole brain whU be 
so hardened in ten days to two weeks that thin serial sec- 
tions can be made through it without fear of the slices alter- 
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ing their shape in the least. The process could undoubtedly 
be hastened by injecting the arteries. 

It must be borne in mind, however, that for most purposes 
formaldehyde must be followed by other reagents before the 
structures and their chemical properties preserved by it are 
properly fixed so that they will not be altered when trans- 
ferred to alcohol. In other words, formaldehyde may be 
looked upon as a very quick preliminary fixing reagent. 
The hardening of brains entire in it is not recommended^ 
except in certain cases — for instance, of cysts, hemorrhages, 
or occasionally of tumors — where the gross lesions and the 
tracts or structures affected by them are of more importance 
than the finer histological changes. For the proper preserva- 
tion of gangl ion-eel !s and of neuroglia-fibers very small 
pieces must be taken and fixed by the special methods 
given ; but if the main object is to trace system -de gene ra- 
tions, much larger pieces, or even the whole brain, may be 
taken, because the myelin-sheaths change comparativly very 
slowly after death. 

The stains for the central nervous system may be divided 
into two classes, general and differential For nearly all of 
them preliminary fixation in formaldehyde is advisable or 
possible. This readers the immediate preservation of nerv- 
ous tissue very simple, and at the same time allows a variety 
of mordanting and staining methods to be used later. 

The staining of the various histological elements of the 
central nervous system and the fixing reagents best suited 
for each of them will be considered under the following 
headings : 

Genernl Stains, 

t Protoplasmic granules ; 
Stains for ganglbn-celU, J Dendritic and axis cylinder processes; 

I Axis-cylinders and thdr lermind processes. 
Stainj for the myelin-sheath, 
Suins for the neuroglia- libers* 

General Staina* — General stains include the ordinary 
nuclear stains, with or without a contrast-stain, and certain 
diffuse single or combined stains which color the nuclei, the 
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cell-protoplasm, including to a varying extent the dendritic 
processes of the ganglion-cells, the axis-cylinders, and the 
neuroglia-fibers. The different stains vary somewhat in 
regard to the structures which they bring out most promi- 
nently* 

The best fixation for the general stains is, on the whole, 
that used fur mordanting the myelin-sheaths ; in other words, 
formaldehyde combined with or followed by a chrome salt 
(see page 322), Occasionally the fixatives employed for 
other tissues are indicated. Alum-hematoxylin* followed by 
eosin, is always a useful stain. The eosin if deep enough 
brings out fairly well both the dendrites and the axis- 
cyHnders, The basic aniline dyes, especially methylene-blue, 
find their greatest use in Nissrs method of staining the 
protoplasmic granules of the ganglion-cells. 

The various carmine solutions, particularly neutral, 
aaimonia, and picro-carminc, have long been the favorite 
diffuse stains for the central nervous system, but the un- 
certainty of their action and the difficulty of always getting 
a good staining solution has gradually led to the introduc- 
tion of more reliable methods. Of these the simplest, quick- 
est, and in many ways the most generally useful is 

A. Van Qieeon's Picro-fUohsin Stain, — Although this 
mixture of acid fuchsin and picric acid may be made up in 
tile way originally recommended, the following exact pro- 
portions, given by Freeborn for staining nervous tissues, will 
be found generally preferable : 

I per cent, aqueous solution of acid fuchsin, rj ex. ; 
Saturated aqueous solution of picric acid, 50 *' 
Water. 50 '* 

1. Stain sections first rather deeply in alum-hematoxylin* 

2. Wash in water, 

3. Stain in above solution three to five minutes. 

4. Dehydrate in alcohol 
5* Oil. Canada balsam. 

The nuclei appear bluish red, the ganglion-cells and pro- 
cesses red, the axis-cylinders brownish-red, the myelin- 
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sheaths yellow, the neuroglia-fibers orange red» connective* 
tissue fibrill^ deep red After certain reagents this solution 
will not give a sufficiently intense stain. In such cases a 
mixture of i part of a I per cent solution of acid fuchsin to 2 
parts of a saturated solution of picric acid is recommended, 
i>. Phoephotungetio-acid hematoxylin (see page 268) 
will be found of much value as a general stain for the central 
nervous system if employed in the manner recommended 
for neuroglia-fibers after fixation by the method there given, 
because a greater differentiation of the various tissue-ele- 
ments is obtained than by any other method. Preliminary 
staining in Van Gieson's mixture is often an advantage. 

C. Phosphomolybdic-acid Hematoxylin (see page 267). 
— K Stain sections twenty minutes to one hour. 

2. Wash out in two or three changes of 50 per cent 
alcohol until the celloidin becomes completely decolorized 
(about five minutes). 

3. Dehydrate in 95 per cent alcohol 

4. Oil, Canada balsam. 

The ganglion-cells are often over-stained, especially if the 
tissue has been hardened but recently. The method is 
particularly good for bringing out the axis-cylinders and 
the neuroglia-fibers. 

D. Aniline Blue Stain (see page 269). — The method 
recommended for connective-tissue fibers will also be found 
ver}^ useful for the study of the nervous system. The best 
results are obtained after fixation in Zenker's fluid, but fair 
results c^x\, also be obtained after fixation by the method 
advised for neuroglia-fibens — namely, formaldehyde, picric 
acid, and bichromate of ammonium, provided the following 
changes are made in the metliod: Use a 1 per cent solution 
of add fuchsin; mordant for several minutes in the phospho- 
molybdic acid; do not stain more than one to three minutea 
in the aniline blue solution. 

E. Kierosin.^K Stain sections in a concentrated aqueous 
solution of nigrosin five to ten minutes. 

2, Decolorize and dehydrate in weak, then in strong, 
alcohol 
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3. Oil, Canada balsam. 

The stain is not very sharp, but is simple and useful, par* 
ticularly for low-power ob-servalion. 

Stains for Ganglion-cells ; Protoplasmic Granules. 
— A. NiesFs Latest Improve Method. — L Carefully 
harden pieces of tissue not over I to L2 cm. in diameter in 
96 per cent, alcohol, 

2, Cut sections without imbedding, as follows : Remove 
excess of alcohol from tissue with filter*paper: dip base of 
specimen in thick celloidin ; mount on block ; harden in 96 
per cent, alcohol- Moisten knife with 96 per cenLalcohoL 
Sections should always be under jj^ mm. in thickness. 
Preserve sections in 96 per cent, alcohol. 

3. Stain the sections in the following solution heated over 
a flame until it bubbles noisily (6o''-70'^ C.) : 



Methylene-blue. B patent, 
Venetian soap, 
Distilled water. 



175; 
1000. 



4. Wash out in — 

Aniline oil, 10 parts; 

per cent, alcohol, 90 ** 

imtil the color is no longer given off in coarse clouds. 

5. Transfer section to slide; dry with filter-paper and 
cover with oil of cajuput. 

6. Blot with filter-paper, and then wash with a few drops 
of benstine* 

7. Add a few drops of benzine-colophonium (made by 
dissolving colophonium in benzine for twenty *four hours and 
then decanting). 

8. Pass slide through flame to drive off the benzine, which 
will inflame, but if blown out immediately the specimen will 
not be injured. Repeat the process until all the benzine is 
driven ofll 

9. Cover-sHp. Warm the slide, so that the colophonium 
will spread out evenly between the cover-slip and the slide. 



314 



PA Tiro LOGIC A L TECHNIQ UE. 



The specimen is now mounted in a medium in which dif- 
fusion of color cannot take place, so that the stain is practi- 
cally permanent. The best results are obtained with tissues 
which have not been hardened in alcohol over one to four 
days. Contact with water, weak alcohol j and ether must be 
avoided. 

B. Lenhoesek's Method for Oanglion-celle. — The fol- 
lowing method will be found simpler, but the specimens are 
not permanent : 

I* Harden sections in 90 per cent alcohol, then in 96 per 
cent., or in formaldehyde followed by alcohoL Do not keep 
the tissues too long in alcohol. 

2, Imbed sections in celloidin or paraffin, or cut without 
imbedding, as in Nissl's method, 

3, Stain sections in a completely saturated solution of 
thionin for five minutes. 

4, Wash for a few seconds in water. 

J. Differentiate in aniline, i part ; 

Absolute alcohol, 9 parts. 

Do not decolorize too long. 

6. Clear in oleum cajuputi, 

7. Xylol. 

8. Canada balsam. 

The granulations can be shown by other stains, such as 
safranin, fuchsin, dahlia, alum -hematoxylin. 

Ganglion-cells ; Dendritic and Axis-cylinder Pro- 
cesses,— Oolgi's Methods* — Golgi's methods, although of 
the greatest value in the study of the normal histology of 
the central nervous system, are of ver)^ little use in the study 
of its pathology. The reason of this is the very peculiarity 
that makes the method of value in normal histology — 
namely, that it picks out here and there a cell and stains it 
with all its wealth of processes more or less completely, 
while the neighboring cells are left colorless. If all of the 
celts and their processes were stained, the picture presented 
would be a confused mass. In pathological histolog>\ where 
the presence or absence of certain cells or processes is of 
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paramount importance, it is of primary" necessity that every 
cell within a given area shall be perfectly stained. 

Golgi introduced three different methods of obtaining the 
stain now called after his name* They are spoken of as the 
slow, the mixed, and the short methods. Golgi himself 
employed principally the first two methods, and they are 
still used for the study of the developed brain and cord 

The quick method exclusively has been used by Ramon y 
Cajal and other recent investigators for the study of em- 
bryonic nervous tissue. 

The following points are to be bome in mind : The tissue 
should be as fresh as possible, and should be cut into small 
pieces, not over i to i| cm. thick — for the quick method 
even thinner. With the corrosive-subltmate method, how- 
ever, larger pieces can be used. 

Large quantities of the solutions should be used — ^at least 
ten times the volume of the specimen It is best to keep 
the specimens in the solution in the dark, especially in using 
the corrosive-sublimate method, 

Golgfs Slow Method. — j. Harden the tissues in a 2 per 
cent solution of bichromate of potassium two to six weeks. 
In summer fifteen to tvi^enty days are sufficient ; in winter, 
unless the temperature is kept at 25 '^ C^ one to one and a 
half months will be required. Keep the specimens in the 
dark. Large amounts of the solution should be used, and 
it should be frequently changed, especially during the first 
week. 

2. Transfer either to {a\ a J per cent, solution of nitrate 
of silver for twenty-four to forty-eight hours; a longer time 
will do no harm; or to (^) a \ per cent, solution of corrosive 
sublimate — small pieces eight to ten days, large pieces two 
months or more. Change the solution frequently during the 
first few days; later only when the solution gets yellow. 

This second procedure is recommended for larger pieces 
of tissue than can properly be impregnated by (a), 

Golgi's Mixed Method. — t. Harden small pieces of tissue 
for three to five days or longer in a 2 per cent, solution of 
bichromate of potassium at 25^ Cj in the dark. 
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2. Transfix to a mixture oF — 

1 per cent solution of osmic acid, 2 

2 per cent, solution of bichromate of potas- 

sium, 8 

for three to eight days. 



parts ; 



3. Place in a f per cent solution of nitrate of silver for 
twenty-four to forty-eight hours. 

Golgi'B Quick Method. — t. Small pieces of fresh tissue 
are placed directly in the following solution: 

I per cent solution of osmic acid, i part ; 

3.5 per cent, solution of bichromate of potassium. 4 parts, 
for several days (three to eight). 

2. They are then transferred to a large amount of a | per 
cent solution of nitrate of silver for one, two, or six days. 

The length of time the tissues should remain in the 
osmic-acid and bichromate-of-potassium solution depends on 
what elements it is desired to impregnate. In the human 
cord the time is in general the following; 

1, Neuroglia, 2-3 days 

2, Nerve-cells, 3-5 '* 

3, Nerve-fibers and collaterals, 5-7 *' 

The further treatment of the tissues impregnated by these 
methods is as follows: Alcohol must be avoided as much as 
possible. The tissues are usually firm enough to cut after 
the impregnation ; if not, place in absolute alcohol for fifteen 
to thirty minutes. The sections should be rather thick, ^jj- 
to -^ mm. They may be made free hand with a razor or in 
the microtome. For either method the tissues can be held 
between pieces of elder-pith, or may be quickly imbedded in 
celloidin by dehydrating for a (t^w minutes in absolute alco- 
hol and then placing in a thick solution for five minutes. 
From the celloidin they are mounted in elder-pitli or on 
blocks, and placed for a short time in 80 per cent, alcohol to 
harden. 

Treatment of Sections, — I. Dehydrate quickly in alcohol 

2. Clear in oil of cloves or bcrgamot 
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3. Wash off with xylol 

4* Mount without a cover-glass in xylol damar, and dry 
quickly at 40° C. 

The mounted sections must be protected from the light 
and from dust as much as possible. Cajal has modified 
Golgi's quick method by repeating the steps (CajaKs so- 
called double method) so as to get a more perfect impregna- 
tion. The same osmic-acid and bichromate-of-potassium 
solution may be used over again, or a fresh solution^ con- 
taining about one-half as much osmic acid, is made up fresh* 
The silver solution should be taken fresh each time, Len- 
hossek, Weigert, and others have obtained very good Golgi 
preparations with tissues first fixed in formaldehyde. 

Of the various methods proposed for fixing the Golgi 
stains so that contrast-stains could be used with them and 
the specimens protected by cover- slips, the simplest and 
most practical seems to be that advocated by Kallius. 

The Method of Kalliue for Fixing Oolgi Staine. — The 
method depends on the employment of a photographic 
developer to reduce the bichromate of silver to metallic 
silver 

I, Place sections for several minutes in a solution com- 
posed of 1 part of the following developer: 



Hydrochinon. 


>; 


Sulphite of sodium, 


8; 


Carbonate of potassium. 


«-5; 


Water, 


575. 



plus one-third to one-half as much absolute alcohol until 
the sections become gray to black in color If too much 
alcohol is added, the carbonate of potassium will be pre* 
cipitatcd, but will rcdissolve on the addition of a little more 
developer, 

2, 70 per cent alcohol for ten to fifteen minuter. 

3, Hyposulphite of sodium (20 per cent aqueous solu- 
tion), 

4, Wash thoroughly in a large amount of water for twenty- 
four hours. 
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5. Alcohol, oil, Canada balsam ; cover-glass. 

Cox's Modification of Oolgi's Coiroeive-sublimata 

Method.^The same black pictures arc obtained by this 
method as by Golgi*s, but with this difference, that nearly all 
of the cells in the section are impregnated. This is an ad- 
vantage when the topographical arrangement of the cell- 
layers is desired, but a disadvantage when it comes to the 
study of individual cells, because on account of the luxuri- 
ance of the impregnation such a study is rendered impos- 
sible. Small pieces of neivous tissue are placed in the fol- 
lowing solution : 

Bichromate-of-potassium 5 per cent solution, 20 ; 

Corrosive-sublimate 5 per cent, solution, 20; 

Distilled water, 30-4O; 

Simple chroma te-of-potassium 5 per cent, solution, r6. 

The time required for impregnation is a month in summer 
and two to three months in winter The after-treatment ia 
the same as for Golgi preparations. 

Axis-cylindera and their Terminal Processes* — 
The three methods most in use for the study of central and 
peripheral nerv^e-fibers and their terminations are the gold, 
the Golgi, and the methylene*blue methods. All three may 
give beautiful results, but, as a rule, they are very unreliable. 
Their use is confined almost wholly to the study of normal 
tissues. 

Gold Stain for Nerve-flbera.^ — For the application of the 
gold method to fresh tissues see p. 285. 

Various attempts have been made to devise a reliable 
method of employing chlorid of gold for staining nerve- 
fibers in sections of hardened tissues. The results have not 
been altogether successful* The best results can probably 
be obtained by^ — 

A. GiHacKs Method. — l Harden tissues in a 1-2 percent 
solution of bichromate of ammonium for one to three weeks; 
cut sections without passing through alcohol, which must be 
avoided. 

2. Place the sections in a very dilute solution (y^g- per 
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cent.) of the double chlorid of gold and potassium vety 

slightly acidulated with hydrochloric acid, for ten to twelve 
hours, until they become slightly violet in color, 

3. Wash in a solution of hydrochloric acid 1, to water 
2000-3000. 

4. Place for ten minutes in a ^^ per cent solution of hy- 
drochloric add in 60 per cent, alcohol 

5. Absolute alcohol, oil of cloves, Canada balsam. 
Another method frequently recommended is the following: 
B, Fratifs Gold Stain for A^Tt't-Jibcrs. — i. Harden tissues 

in Erlicki's or Miillcr's fluid, followed by alcohol Imbed in 
celloidin. 

2. Stain sections three to five hours in I per cent solution 
of chlorid of gold, and 95 per cent alcohol equal parts. 

3. Wash in water. 
4- Reduce in- 



Caustic soda, 
Distilled water, 

for two to three minutes. 



6. 



5. Wash in water, 

6. Place for five to fifteen minutes in a 10 per cent solu* 
tion of iodid of potassium, 

7. Wash in water. 

8. Alcohol oil Canada balsam. 

C Stroe^e's Amline-biue Stmn for Nenr-^iirrs m Hard- 
ened Sectimis. — Harden tissues in Mullcr's fluid, i. Stain 
one-half to one hour in a saturated aqueous solution of ani- 
line-blue. 

2. Wash in water. 

3. Transfer to a small dish of alcohol to which are added 
20 to 30 drops of a i per cent alcoholic solution of caustic 
potash (caustic potash i to alcohol 100: let the mixture 
stand for twenty-four hours ; then filter). In one to several 
minutes the sections become bright brownish-red and trans- 
parent. 

4. Transfer to distilled water for five minutes. The see* 
tion becomes bright blue again. 
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5. Stain in a ha If- saturated aqueous solution of safranin 
one-quarter to one-half hour long. 

6. Wash out and dehydrate in absolute alcohoL 

7. Xylol, Canada balsam. 

D. Ckhrid-cif-iran and dimirarcs&frin meikodiot the study 
of degenerated peripheral nerves : 

L Place fresh pieces of peripheral nerves for several days 
in a solution of^ 



Chlorid of iron, 
Distilled water, 



1 part; 

4 parts. 



2. Wash out thoroughly in water, 

3. Transfer to a saturated solution of dinttroresorcin in 75 
per cent, alcohol for several weeks, 

4. Wash, dehydrate, imbed, etc, 

A permanent green color is formed which stains the nerves 
green and brings out the green axis-cylinders very sharply* 

The stain will succeed with preparations which have been 
hardened in Flemming's solution or Muller*s fluid 

Golgi's methods are sometimes employed for the study of 
the terminal processes of nerve-fibers (for directions see 

p. 314V 

Methylone-blue Stain for N©rve*flbers. — The methylene- 
blue method is due to Ehriich. Many modifications of the 
original procedure have been suggested with a view to mak- 
ing the results surer or the specimens more permanent 
Tissues can be stained either by injection or by immersion. 

The methylene-blue used should be Griibler's " rectified 
methylene-blue for vital injection/' 

For injection in the blood- or lymph-vessels of live or 
dead animals a i to 4 per cent, solution in normal salt solu- 
tion is recommended. The injected organs are exposed to 
the air until a bluish tint is visible. As soon as the greatest 
intensit>^ of stain is reached (five minutes to two hours) the 
color in the preparation is fixed by placing small bits of the 
tissue in a freshly-filtered, cold, saturated, aqueous solution 
of picrate of ammonium, or, better still, in the solution given 
below, recommended by Bethe, 
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Very small or thin pieces of tissue intended for staining by 
immersion (the method employed for human tissues) are 
placed in a very dilute solution ( (^g— 1^ per cent) of methyl- 
cne-blue in normal salt solution, Lavdowski recommends 
very highly a solution of niethylene-blue in egg-albumin, 
either alone or combined with chlorid of sodium or ammo- 
nium. The white of egg is freed from the thicker portions or 
filtered. When the experiment is to last some time, add to 
the egg-albumin an equal part of a J per cent, solution of 
chlorid of sodium or of a \ per cent solution of chlorid of 
ammonium. The tissue, protected by a large dish, is exposed 
to the air for fifteen minutes to twelve hours, until the ma?ti- 
mum stain is obtained. 

The stain may then be fixed by the method already given, 
or, better still, in the following manner : 

Bethes Miihmi of Fixing Afcthyh'nt'Nut Stains of Ncn^e^ 
fibers. — I, Wash off excess of color with normal salt solu- 
tion. 

2. Place in^ — 



Molybdate of ammonium, 
Distilled water, 
Peroxid of hydrogen. 
Hydrochloric acid. 



10 ex. ; 
I " 

I drop* 



^ 



A precipitate forms on making up the solution, but disap- 
pears on shaking. The solution will keep eight days, but is 
best made up fresh each time. It should be used as cold as 
possible, preferably surrounded by a mixture of ice and salt 
Leave the tissue in the cold solution for from two to five 
hours, and then for a while longer at the room-temperature. 

3. Wash one half to two hours in running water* 

4. Dehydrate and harden as quickly as possible (not over 
twelve to twenty-four hours) in cold absolute alcohol (The 
color is soluble in warm alcohol.) 

5. Clear in xylol. 

6. Imbed in paraffin. 

The sections may be mounted directly or brought into 
water and stained with alum-cochineal for contrast. If a little 

SI 
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osmic acid be added to the fixing solution after the speci- 
mens have been in it for a while, a more permanent methyl- 
ene-blue stain is obtained. 

Stains for the Myelin-sheath.— The myelin-sheath 
of nerve-fibers is a form of fat. and like ft possesses the 
property of reducing osmic acid, by means of which a selec- 
tive sheath stain can be obtained. Unfortunately, however, 
the osmic acid penetrates to but a very slight depth. 

The differential hematoxylin stain, originated by Weigert, 
and ordinarily used, depends on some chemical reaction 
which takes place between the myelin and a chrome salt, in 
consequence of which the myelin is fixed so that it will not 
later be dissolved out by alcohol or ether, and at the same 
time is so mordanted that it can be deeply stained with 
hematoxylin, to which it clings when treated with certain 
decolorizers. This reaction between the myelin and the 
chrome salt takes place very slowly at the ordinary temper- 
ature; six weeks to several months are usually required. 
Weigert has lately published a method depending on the 
interaction of two chrome salts in the same solution, in 
consequence of which the time needed for this reaction or 
mordanting is reduced to four days. The solution may be 
used alone, but is best combined with formaldehyde or used 
after it Large masses of nervous tissue, like the medulla 
and pons or the basal ganglia, should be hardened in formal- 
dehyde for one to three weeks, and then cut into parallel 
slices not over I cm, thick for mordanting by Weigert 's 
quick method 

1. To Mordant tlie Myelin-sheaths- — A. The Ohhr 
Mctiwd. — t* Harden in MuUer's fluid six to twelve weeks. 

2* Transfer directly to 80 per cent alcohoL 
B, A More RcccNt Mct/iod, Muck to Bt* Preferred to A.— 
I. Fix in a 4 per cent, solution of formaldehyde {L e., 10 
parts of the saturated 40 per cent solution to 90 parts of 
water) for one to three weeks or longer. 

2. Harden in MuUer's fluid for six to twelve weeks, or in 
a 5 per cent, solution of bichromate of ammonium for four 
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to six weeks. If the tissues are placed in a thermostat at 
57^ C*, only one to two weeks are required, 

3. Transfer to So per cent alcohol. 

2. Weigert*s Quick Method of Mordanting Myelin- 
eheatba*^ — i. Fix the tissues in a 4 per cent solution of 
formaldehyde (10 per cent solution of formaline) for four 
days to several weeks- Four days are sufficient for piece* 
not over i cm. thick* The solution, of which several times 
the volume of the specimen must be taken, is changed at 
the end of twent^'-four hours. The tissue may remain in- 
definitely in it, 

2. Mordant the myelin-sheaths in the following solution ; 

Bichromate of potassium, 5 ; 

Chrome alum, 2; 

Water, lOO, 

for four days. The tissues should not exceed i cm. in 
thickness, and should rardy be left in the solution longer 
than four days, because they will become brittle. 

3. Transfer directly to alcohol (80 per cent.), and keep in 
the dark until wanted for imbedding, changing the alcohol 
occasionally as it becomes colored. 

Steps I and 2 may be combined by adding 4 per cent, of 
formaldehyde to the mordanting solution and placing fresh 
tis.<>ues directly in the mixture. 

Weigert*s quick mordant can be highly recommended, both 
on account of the short time it requires and because the stains 
obtained after it are very satisfactory. The greatest objection 
to it is that exposure for over three to four days to the mordant 
renders the cerebrum, and, to a less extent, thecord, very brittle, 

J. W©ig©rt's Myelln-ehdath Stain. — r. Fix and mor- 
dant the tissues in one of the ways already described. 

2. Dehydrate in alcohol without washing out in watcn 

3. Imbed in celloidin. 

4. Place sections for twenty-four hours in the following 
solution, which Weigert now recommends in place of the 
simple saturated solution of acetate of copper formerly ad- 
vised : 
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Acetate of copper, 5. 

Acetic acid, 36 per cent, solution, 5. 

Chrome alum, 2.5 ; 

Water, ad 100. 

(For method of preparation see page 329). 

5. Stain fifteen minutes to twenty-four hours in — 

Hematoxylin, i ; 

Absolute alcohol, 10; 

Saturated aqueous solution of carbonate of 

lithium, I ; 

Water, 90. 

Keep a 10 per cent, solution of hematoxylin in alcohol on 
hand, so that it will be ripe. Combine with the carbonate 
of lithium and the water at the time of using. 

6. Wash thoroughly in water. 

7. Decolorize in — 

Borax, 4 ; 

Ferricyanide of potassium, 5 ; 

Water, 200, 
until the gray substance is distinctly yellow. 

8. Wash thoroughly in water. 

9. Dehydrate in 95 per cent, alcohol. 

10. Clear in aniline oil 2, xylol i. 

11. Canada balsam. 

Weigert has given up his direct myelin-sheath stain be- 
cause the preparations do not keep. 

B, Pal's Modification of Weigrert's Myelin-sheath Stain. 
— I. Fixation as for Weigert's method. 

2. Place sections for several hours in a J per cent, aqueous 
solution of chromic acid, or for a longer time in a 2-3 per 
cent, solution of bichromate of potassium. This step is 
often omitted, especially when the tissues have been but 
recently mordanted. 

3. Transfer sections to Weigert's hematoxylin solution 
for twenty-four to forty-eight hours (if necessaiy for an 
hour in the incubator at 37^ C). 
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4. Wash in water plus 1 to 3 per cent, of a saturated 
aqueous solution of carbonate of lithium until the sections 
appear of a uniform deep-blue colon 

5. DiflTerentiate for tweot)^ seconds to five minutes in a f 
per cent aqueous solution of permanganate of potassium 
until the gray matter looks bro\vnish*yellow, 

6. Transfer to the following solution: 



Oxalic acid, 

Sulphite of potassium, 

Water, 



200, 



for a few seconds until the gray matter is colorless or 
nearly so. 

7. Wash thoroughly in water. 

8. Dehydrate in 95 per cent* alcohol 

9. Oil, Canada balsam. 

Steps 5 and 6 sometimes have to be repeated when the 
difTerentiation has not been complete. 

Of all the numerous modifications of Weigert's original 
myelin-sheath stain, the only one that has found general 
acceptance is Pal's. It has the following advantages : It 
gives very clear pictures ; every^thing except the sheaths is 
complcftefy decolorized, so that contrast-stains are possible ; 
it is more successful with thick sections than Weigert*s 
method; the separate steps are quicker. On the other 
hand, the danger of decolorizing the sheaths of the finer 
fibers is greater. 

C Exner'e Method of DemonBtratlQer Myelin-dheatlia, 
— The tissue should be obtained as soon as possible after 
death, although the method will succeed with tissues even 
over twelve hours old. 

1. Place pieces of brain or cord not over ^ cm, thick in a 
1 per cent, aqueous solution of osmic acid, using at least ten 
times as much fluid as the volume of the specimen* 

2, Change the osmic-acid solution on the second day* 

3, After five or six days wash thoroughly in water. 

4. Dehydrate, imbed, etc. 
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5. Examine sections in glycerin rendered slightly ammoni- 
acal 

The myeUn-sheaths appear gray to black. The prepara- 
tions are not permanent. 

This procedure has been almost entirely replaced by Wei- 
gert's method, which has numerous advantages* Lately, 
however, it has been brought forward again by Heller, who 
uses a photographic developer to reduce the osmic acid and 
to make possible permanent moynts. He has lately pub- 
lished the following method for sections, but it cannot be 
unconditionally recommended ; 

D. Heller's Method for Staminfir Myelin-sheaths with 
OBmic Acid^^i. Harden as for the Weigert method (Heller 
used Muller's fluid). 

2. Imbed in celloidin. 

3. Place sections in a I per cent aqueous solution of os- 
mic acid for ten minutes in thermostat or for half an hour at 
room-tem pera tu re, 

4, Wash in water. 

5, Reduce in the following developer: 



Sulphate of sodium, 
Carbonate of sodium, 


12s; 
70; 


Water, 
Pyrogallic add, 


Soo; 
IS. 



6. Wash in water. 

7. Differentiate in an aqueous solution of permanganate 
of potassium, \ per cent, or less, 

8. Remove the brown of the permanganate of potassium 
in a 1 per cent, aqueous solution of oxalic acid 

9. Wash in water. 

10. Alcohol, oil, Canada balsam. 

By a modification of Heller's method Robertson claims to 
get better results. 

I, Harden in Weigert's chrome-alum-copper solution plus 
4 per cent of formaldehyde ; in other words, use the mor- 
dant for neuroglia-fibers (page 329) eight to ten days. 
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2, Wash off in water. 
J. Alcohol \ imbed in celloidin. 

4- Stain sections in a i per cent solution of osmic acid 
half an hour in the dark. 

5. Place in a 5 per cent, aqueous solution of pyrogallic 
add for half an hour, 

6. Differentiate in a \ per cent aqueous solution of per- 
manganate of potassium one to four minutes. 

7. Remove brown color in i per cent oxalic acid three to 
five minutes. 

8. AlcohoK oil, balsam. 

It is important to wash carefully in water between each of 
the staining steps. 

Staiiis for Neuroglia-fibers. — It is possible to obtain 
a differential stain of the neuroglia -fibers in man by three 
different methods, provided the first two of the following 
steps are complied with: 

1. The tissue must be as fresh as possible. The best re* 
suits arc obtained with tissues placed in the fixing solution 
within one hour after death. After four to six hours the re- 
sults are only fair* after twenty-four hours they are practi- 
cally nil. The chemical propertj*^ in the neuroglia-fibers on 
which the differential stain depends has undergone some 
chemical change or has disappeared. It is retained longest 
where the fibers are most numerous, as about the central 
canal 

2. Formaldehyde must be used as the fixative, either alone 
or combined with certain other reagents mentioned below. 
No other fixatives yet known penetrate so rapidly and pre- 
serve so well the chemical properties of the neuroglia-fibers. 
According to Weigcrt, who first fully recognised the value 
of formaldehyde in preserving ncuroglia-fibers, the best 
strength to use is a 4 per cent solution (/. <■. a 10 per cent 
solution of formaline, etc.). The pieces of tissue in which it 
is desired to stain the neurogh'a-fibcrs must be cut ver>' thin, 
never over \ cm* thick, and preferably thinner With thicker 
pieces only the surface sections are of any value. 

3. The tissues after fixation must be m&rdanUd^ so as to 
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render the staining more intense; without mordanting only 
a few of the fibers will stain. 

4. Staining may be performed by modifications of Wei- 
gert*s fibrin-stain or with phosphotungstic-acid hematoxylin. 

The methods of staining neuroglia-fibers are given 111 the 
order of their publication. The second method (Weigcrt's) 
gives a more intense stain than the first, but has the draw- 
back of staining degenerated nerve-flbers. The third method 
is particularly useful for class purposes, because a large 
number of sections can be stained all at one time* All of 
the methods are unsuccessful with the neuroglia-fibcrs of 
animals other than man, 

A, Diff'erential Stain for Neuroglia- fibers {AMail&r)'). — 
1, Fix in a 4 per cent, aqueous solution of formaldehyde 
four days or more, 

2, Place in a saturated aqueous solution of picric acid four 
to eight days. 

Steps I and 2 may be combined by adding 10 parts of the 
40 per cent, formaldehyde solution to 90 parts of the satu- 
rated aqueous solution of picric acid, 

3, Transfer to a 5 per cent, aqueous solution of bichro- 
mate of ammonium for four to six days in the incubator at 
37^ Cm or for three to four weeks at room- temperature. 
Change the solution on the second day. 

4, Place directly in alcohol. 
5* Imbed in cuUoidin. 

6, Fasten sections to slide by means of ether- vapor, 

7, Stain in aniline-gen tian-violct fifteen to twenty minutes. 

8, Wash off with normal salt solution, 

g. lodjn solution, 1 : 2 : 100, for one minute, or a stronger 
solution for a few seconds, 
10. Wash off with water. 
n. Dry with filter-paper, 

12. Decolorize in equal part.s of aniline and xyloL 

13. Wash off thoroughly with xyloh 

14. Xylol balsam. 

The neuroglia-fibers, fibrin, nuclei, and, to some extent^ 
the red blood-gtobules, are stained blue. The other tissue- 
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elements are colorless. By ver>* faintly tinting the aniline- 
and-xylol mixture with fuchsin, which is readily soluble in 
aniline, the other tissue-elements are easily brought out, but 
the finer neuroglia-fibcrs are likely to lose their blue color 

l^eigert's Method for Neurogrlia*flberB, — A, Fix thin 
pieces of tissue, not over J cm, thick, in a 4 per cent solu- 
tion of formaldehyde for at least four days. 

B. Mordant in the following solution for four to five days 
in the incubator or for eight days at room-temperature ; 

Acetate of copper^ 5 gr. ; 

Acetic acid, 36 per cent, solution, 5 ex. ; 

Chrome alum, 2.5 gr.; 

Water, ad too c,z. 

Boil the chrome alum and water in a covered dish (the solu- 
tion turns green in color), turn off the gas, add the acetic 
acid and then the acetate of copper; stir briskly until the 
latter is dissolved, then cooL The solution remains clean 
If the directions and order of procedure are not followed 
exactly, a green precipitate will form, 

(Steps I and 2 may be combined by adding 4 per cent of 
formaldehyde to the above solution ; change on the second 
day ; harden eight days.) 

C. Wash off in water; dehydrate in alcohol; imbed in 
celloidin. 

D. Reduction of copper salt in sections : 

1. Place the sections, which must not be over .02 mm. 
thick, in a f per cent aqueous solution of permanganate of 
potassium for ten minutes. 

2. Wash off with water* 

3. Decolorize and reduce for two to four hours in the fol- 
lowing solution, carefully filtrated : 



Chroinogen, 


Sgr.: 


Formic add (sp. gr. 1.20), 


sec; 


Water, 


ad 100 " 



to 90 c.c* of which are added just before using lo ex, of a 
10 per cent solution of sulphite of sodium. 
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The sections lose their color in a few minutes, but are best 
kept in the solution as long as above directed. 

The sections can now be stained in the manner to be de- 
scribed, but the color of the fibers will be more intense if 
the following steps arc added, and a slight yellowish con- 
trast-stain is obtained for the ganglion and ependymal cells 
and for the larger nerve-fibers. This step has one disad- 
vantage, however: the connective-tissue fibers stain blue 
after it, 

E, Further reduction of copper salt ; 

1. Wash twice in water. 

2. Place sections in a carefully filtered saturated (5 per 
cent) aqueous solution of chromogen over night. 

3, Wash in water, 

4, The sections are now ready for staining or may be pre- 
served until wanted in — 



80 per cent alcohol^ 
5 per cent, oxalic acid^ 



90 C-C. 

10 " 



/^ Staining of neuroglia-fibers : 

K Lift section from large dish of water on slide freshly 
cleaned with alcohol ; blot with filter-paper (method recom- 
mended by Weigert for attaching sections to slide). 

2. Stain in the following mixture : 

Saturated solution of methyl-violet in 

70-80 per cent, alcohol, 100 c.c. ; 

(saturated with aid of heat; decanted 
when cold), 

S per cent, aqueous solution of oxalic 

acid, S " 

The oxalic acid is added to render the preparations more 
lasting. The staining is practicably instantaneous. 

3. Wash off with normal salt solution. 

4. lodin solution : 5 per cent, iodid-of-potassium solution 
saturated with iodin. It is simply poured on and then off, 
as the reaction is instantaneous, 

5» Wash off with water and blot witli fiUer-paper. 
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6. Decolorize thoroughly in equal parts of xylol and 
aniline oiL 

7- Wash repeatedly with xylol or the stain will nc*t keep, 
8. Canada balsam. 

Tlie sections keep better if exposed for from two to five 
days to diffuse light before being put away, 

C, Differential Stain of Nearoglia-fibers by means of 
PboephotimgBtie*aGid Hematoxylin (Maiiorj). — K Fix and 
mordant tissues in exactly the same way as in the first 
method given for neuroglia-fibers — viz. : 

{a) Fix in 4 per cenL aqueous solution of formaldehyde 

four days. 
{b) Saturated aqueous solution of picric acid four days. 
{c) 5 per cent aqueous solution of bichromate of 
ammonium four to six days in incubator or three 
to four weeks at room-temperature* 
{d) Alcohol, celloidin, etc. 

2. Place the sections in a ^ per cent aqueous solution of 
permanganate of potassium for fifteen to thirty minutes. 

3. Wash in water. 

4. One per cent, aqueous solution of oxalic acid fifteen to 
thirty minutes. 

5. Wash in two or three changes of water. 

6. Stain in phosphotun|^stic-acid licmatoxylin for twenty- 
four hours to two or three days. 

7. Wash quickly in water. 

8. Dehydrate quickly in 95 per cent alcohol, 
g. Oleum origani cretici, 

ID. Xylol balsam. 

Nuclei, neuroglia-fibers, and fibrin stain blue; axis-cylin- 
ders and ganglion*cells, pale pink; connective tissue, deep 
pink. The blue color is a little sensitive to strong light, 
and on prolonged exposure will fade to pink. 

If a permanent isolated stain of the neuroglia-fibers is 
desired, place the sections (after staining as above directed 
in the phosphotungstic-acid hematoxylin and washing in 
water) in a 30 per cent alcoholic solution of ferric chlorid 
for five to twenty minutes (rarely longer); then wash in 
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water, and dehydrate as before. Tiie nuclei, neuroglia- 
fibers, and fibrin stand out sharply of a clear blue color; 
everything else is decolorized or appears of a pale yeHowish 
or grayish tint. The results obtained by this last step are 
practically identical with those obtained by either of the 
modified fibrin stains, and the method has the decided advan- 
tage of being applicable to any number of sections at once. 

Degenerations of the Nervous System.— The same 
methods apply to the study of degenerations in nervous tis- 
sue that apply elsewhere, except in the demonstration of 
fat. Both myelin and fat reduce osmic acid, so that the or- 
dinary tefit for fat in the hardened tissues fails. Marchi and 
Algeri, however, have shown that after myelin has been mor- 
danted for eight days or over in Muller's fluid or other solu- 
tion of the bichromates, it loses the property of reducing the 
osmic acid» while fat retains the property unimpaired. On 
this peculiarity is based their method for differentiating fat 
from myelin. 

Marchi and Al^eri^s Method for Staining Fatty De- 
generated Myelm*sheaths of Nerve-flbere, — i. Harden in 
MuUer's fluid or in formaldehyde, followed by Miiller's fluid, 
for eight days to three months. 

2. Transfer tissue for five to eight days directly into the 
following solution : 

Muller*s fluid, 2 parts; 

I per cent osmic*acid solution, i part, 

3. Wash out thoroughly in water. 

4. Dehydrate in alcohol. 

5. Imbed in celloidin. 

6. Clear in chloroform and mount in properly prepared 
chloroform balsam (see page 283). 



EXAMINATION OF THE BLOOD, 

The specific gravity of the blood varies but slightly and 
averages 1055. For chnical purposes the method of Ham- 
merschlag is the best for estimating the specific gravity* The 
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method depends upon the physical law that a body which re- 
mains suspended in a fluid must have the .same specific grav- 
ity as that fluid. The fluid selected is a mixture of chloro- 
form (specific gravity 1 526) and benzol (specific gravity 0.889)* 
A drop of blood does not mix with either fluid, 

A small test-tube holding about 10 cx> is half filled with 
a mixture of benzol and chloroform. This mixture should 
have the specific gravity of from 1050 to 1060. A drop of 
freshly-drawn blood is allowed to fall into this mixture, care 
being exercised that the drop fails directly into the fluid. 
Chloroform or benzol is added according as the drop of blood 
sinks to the bottom or floats on the surface of the fluid. It 
is necessary in adding either of the fluids to thoroughly mix 
them by gentle rotating movements without breaking the 
blood-drop. If the drop floats on the surftice, it is better to 
add sufficient benzol to make it sink to the bottom, and then 
add chloroform until it becomes suspended in the fluid. 
Too large a drop of blood is liable to be broken up in mix- 
ing the fluids, and this must be avoided When the drop re- 
mains suspended in the thoroughly mixed fluids the latter is 
filtered and the specific gravity tested. 

Apparatus Used in the Examinatloii of the Blood. 
— ^An accurate examination of the bloud can be made only 
by the strictest observance of cleanliness and attention to de- 
tails. It has been deemed wise, therefore, to devote the 
greater part of this article to a description of the various 
steps of the process for the benefit of those who are unfa- 
miliar with the technique. 

With this object in view it is not necessary to describe the 
numerous instruments which have been devised for examin- 
ing blood or to refer to many of the staining fluids. The 
Thoma-Zeiss hcmocytometer, or blood-counting instrument 
(Fig. loo), is the one which is generally employed to count 
the red and white blood-corpuscles^ and consists of a glass 
slide on which the blood-corpusclcs are counted and a pi- 
pette for mixing the blood and diluting fluid. The counting 
slide has a thin square plate of glass cemented on its surface : 
a circular opening in the center of this pbte is nearly filled 
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Fig, tog. — Thoma-Zeiss blood-counting apparatus (Limbeck) : A, ftielangeur; 
^, capillary tube in which tbe blood is taken \ ^. chamber for mixing the blood 
with the diluting solution ; c, glass ball lo aid iti mixing the blood with the dilut- 
ing solution ; B. cross-section of the chamber in which the blood is counted ; 

C, section of the field on which the Wood is counted, showing thirty-six squares i 

D, diagram of the whole field. 



HISTOLOGICAL METHODS. 



33S 



by a glass disc j\- mm. thinner than the square plate which 
surrounds it, A series of horizontal and vertical lines on the 
surface of the disc divides it into squares, the sides of which 
are ^ mm, long* Additional lines placed close together 
divide this surface into quadrants. Each quadrant contains 
sixteen of the small squares. 

The pipette consists of a capillary tube which expands 
into an ovoid chamber above. The chamber contains a glass 
pearl, which assists in mixing the blood and diluting fluid. 
The capillary tube has a capacity of j mm. and is graduated 
to tenths. Above the ovoid chamber is a line marked loi mm. 
A dilution of I to too or l to 200 is obtained by sucking 
the blood up to the mark i. or 0.5 ^ and the diluting fluid up 
to the mark 101. 

A second pipette for counting the white corpuscles is grad- 
uated in such a way as to give a dilution of i to 10 or I to 30* 

For clinical purposes the Von Fleischl hemometer (Fig. 1 lo) 
is generally used to estimate the hemoglobin. This instru- 
ment is fairly accurate^ but for percentages of hemoglobin 
below 50 per cent, it is safe to allow 5 per cent, for error in 
the apparatus. The instrument consists of a metal stand {a), 
a narrow wedge-shaped piece of colored glass (^). a hollow 
metal c>^linder {ti), and capillary tubes {g). The metal stand 
{a) is fitted with a fiat stage above, in which is an aperture 
for holding the cylinder {d). On the under surface of this 
stage are two metal rims in which the glass wedge {d) fits. 
These rims are arranged so as to allow the glass wedge 
to move across the aperture by means of an adjustment 
screw. The glass wedge {it) is colored red, the degree of 
color becoming more intense toward the thick end The 
glass is held in a metal framcp on one of whose sides 
parallel with the glass there is a scale of percentages from 
o. to 120, corresponding to the intensity of the color in the 
glass. The metal cylinder {d) is divided into two equal com- 
partments by a thin metal partition which extends from one 
end of the cylinder to the other One end of the cylinder 
is closed by a piece of glass. The blood is collected in the 
capillary tube {g\ 
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Preparation of Apparatus* — Three things are essential 
in order to make a satisfactory ^examination of the blood ; 
the apparatus must be absolutely clean ; the various stages 
in the process must be performed rapidly, because a very 
slight coagulation of the blood will interfere with any of the 
tests; and the work must be done accurately. 




Fit;, no.— \Mii FlL-ischls hemonxeier : a, stand ; h. narrow wedge-shaped piec« 
of colored glass fiued into a frame [c] which passes under the chamber; d, hol- 
low metal cylinder, divided into two compartments, which holds the blood and 
water; t. white plate front which the light is reflected through the chamber; 
/, screw by which the frame containing the colored glass is moved ; g, capillary 
tube to collect the blood; A, pipette for adding the water; /. opening through 
which may be seen the scale indicating percentage of hemoglobin. 




Many of the details which follow may appear trivial to 
one who is unfamiliar with the methods employed in making 
blood-examinations. Experience will convince such an one 
to the contrary. All apparatus should be thoroughly 
cltianed and dried immediately after completing a blood-ex- 
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ammation. The " mixing pipette " for estimating the blood- 
corpuscles can be readily cleaned by removing the rubber 
tubing and fixing it to the other end of the pipette, or a 
double atomizer bulb, such as is used on the Paquelin cau- 
tery-, may be substituted. The pipette should be cleaned 
with water, alcohol, and finally with ether, until it is dry in* 
side. If the alcohol fails to remove all of the staining fluid 
from the inside of the pipette and from the glass pearl, acid 
alcohol (hydrochloric acid i part, alcohol {70 per cent.) lOO 
parts) may be used. This should be followed by alcohol, 
and then by ether. The blood-counting slide may be cleaned 
with water. If any of the staining fluid adheres to the slide, 
it may be removed with alcohol. If alcohol is used to clean 
the counting slide, it must be used rapidly and the slide 
washed with w^ater, because alcohol dissolves the cement by 
means of which the thin square of glass and the disc are 
fastened to the slide. The capillar>^ tubes used for estimat- 
ing the hemoglobin should be cleaned in the same way as 
the " mixing pipette/' It has been found that the blood fills 
the capillar)' tube more readily if the latter is cleansed a 
second time with water directly before making the blood- 
examination. If this is done^ it is necessary to thoroughly 
dry the tube afterward. This may be accomplished by re- 
moving most of the water and dr>'ing the remaining moist- 
ure by passing the tube rapidly through an alcohol flame. 
Care must be taken to avoid breaking it. The metal 
cylinder is cleaned by unscrewing the bottom and removing 
the glass. In this way the cyh'nder can be easily and thor- 
oughly washed and dried. The cover-glasses should be 
kept in a solution of acid alcohol (see above)* Before begin- 
ning a blood-examination a dozen or more of these cover* 
glasses should be cleaned with water, and then w ith alcohol, 
and dried; then they should be passed through an alcohol 
flame and spread on a piece of paper. The cover-glasses 
should not be touched with the fingers after cleaning thcm^ 
but should be handled with forceps. New cover-glasses arc 
covered with an oily glaze which prevents the blood from 
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spreading. Moisture from the fingers may alter the shape 
of the red blood-corpuscles. 

Never begin an examination of the blood until ever>^thing 
required for the entire examination is rt:ady for use. A suf- 
ficient quantity of the diluting solutions must be poured into 
small dishes and placed, with the apparatus and cover- 
glasses, close at hand. If the preserving fluid contains a 
staining fluid, the solution must be filtered before using. 

To obtain the blood the part from which it is taken 
should be cleaned with soap and water, alcohol, and finally 
with ether^ and thoroughly dried. The blood is usually ob- 
tained from the lobe of the ear or from the end of the finger. 
The ear possesses distinct advantages over the end of the 
fingen It is not necessary to hold the ear to prevent its 
withdrawal ; the operation is less painful, and the blood is 
obtained more easily because the epidermis is thinner. These 
advantages are especially evident in infants and young chil- 
dren. In children it is almost impossible to keep the fingers 
extended without exerting pressure. Pressure on the part 
from which the blood is withdrawn must be avoided. It has 
been ascertained that moderately firm pressure on the finger 
is capable of diminishing the number of red corpuscles in a 
cubic millimeter by increasing the quantity of serum. The 
free border of the lobe of the ear is preferable to the anterior 
surface, because the border is convex. This is of advantage 
in making cover-glass preparations from small drops of 
blood, A narrow-bladed knife, similar to a tenotomy-knife, 
makes a relatively wide and shallow opening, and is prefer- 
able to a needle. 

The hemoglobin test must be performed in a dark 
room by means of a yellow light — lamp, gas, or candle light 
Before obtaining the blood fill one of the divisions of the 
cylinder one-fourth full with distilled water; then partly fill 
the pipette provided for this purpose, and place it close at 
hand ready to wash out any blood which may remain in the 
capillary tube, and thus prevent coagulation. The capillary 
tube is held horizontally, and touched slightly on the side of 
^freshfy drawn drop of blood. The end of the tube should 
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never be dipped deeply beneath the sutface of a blood-drop. 
If the tube is perfectly clean and no coagulation has occurred 
in the drop of blood, the latter will instantly 511 the tube. 
Sometimes it is necessary to slightly withdraw the end of 
the tube, without, however, permitting it to entirely leave 
the surface of the blood* Observe that the tube is exactly 
filled with blood and that the ends show neither convexity 
nor concavity. Any blood adhering to the end of the tube 
or to its outer surface must be quickly wiped off Rapidly 
submerge the tube in the water and move it quickly to and 
fro several times, and with as little delay as possible viash 
out the remaining blood by means of the pipette. Fill the 
chamber three-fourths full with water and stir briskly with 
the metal handle of the capillary tube. Be careful to stir 
in the comers where the partition joins the sides. The blood 
should be equally diffused throughout the fluid when the 
mixing has been well done, and there should be no coagula 
in it. When this has been done fill the cylinder to the level 
of the diaphragm ; the other division of the cylinder is then 
filled to the level of the diaphragm with distilled waten 
The surface of the fluid in each side must be perfectly flat 
This can be readily ascertained by looking across the surface 
of the fluid with the eyes on a level with the top of the 
cylinder. A convexity or concavity of the water side can 
be easily obviated. A convexity on the side w^hich contains 
the blood should be avoided. When the cylinder is in posi- 
tion, the division containing the disdtled water is over the 
colored glass. The reflector should be arranged to throw as 
much light as possible when the percentage of hemoglobin 
is high; but when the hemoglobin is much diminished, less 
light will give more exact results. To perform the test one 
eye should be closed and the face shielded from direct light 
by holding a piece of paper between the face and the lamp. 
The instrument should be arranged so that the observer 
stands at the side of it and looks directly dov^n into the 
fluid. This is done so that the images of both divisions of 
the cylinder are thrown upon the retitia side by side, and 
not one above the other. This permits a more accurate 
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comparison of colors to be made* By means of the adjust- 
ment screw move tlie colored glass from a point where the 
glass is paler than the diluted blood to a point where the 
color of the glass and of the blood match. Then read the 
percentage on the scale, and control the result by moving 
the colored glass from abo%'e the point where the colors 
match downward, to see if the same result is obtained ; pause 
a moment and repeat the test. More accurate results are 
obtained by resting the eye several times than by looking 
for a long time. 

In order to estimate the number of red corpuscles 
in a cubic millimeter of blood it is necessary to use a dilut- 
ing fluid It is desirable that this fluid should be of such a 
character that the corpuscles may not change their form or 
lose their color. Various fluids are used. Toison's fluid 
possesses the advantage of staining the white corpuscles. 
The formula of this fluid is as follows : 



Distilled water. 


160 


ex. ; 


Neutral glycerin, 


30 


a 


Sodium sulphate, pun, 


8 


grams ; 


Sodium chlorid, 


I 


gram ; 


Methyl-violet, 5 B, 


0,02s 


,. 



This fluid must be filtered each time before using. A drop 
of blood h required of sufl^cient size to more than fill the 
capillar)^ tube of the " mixing pipette/' If the drop is too 
small, it is difficult to prevent the entrance of air and coagu- 
lation of the blood in the lube in the interval of obtaining a 
second drop of blood. It is advisable, therefore, to perform 
this test before estimating the hemoglobin or making the 
cover-glass preparations. While filling the capillary tube of 
the pipette care must be exercised to keep the point of the 
pipette beneath the surface of the blood-drop to prevent the 
entrance of air. The b!ood is sucked up to the mark .5 or 
I,, and then the tip of the tongue is pressed firmly over the 
hole in the mouth-piece. This prevents the blood-column 
from sinking or air from entering below while the tip of the 
pipette is being wiped and immersed in the diluting fluid. 



mSTOLOC/CAL AfETIfODS. 



341 



This part of the test requires the utmost precision and avoid- 
ance of dela>'. It is necessar>% therefore, to keep the eyes 
constantly fixed on the capillary tube in order to note any 
variation in the blood-column. Rapidly wipe the tip of the 
pipette to remove the blood from the outside, and then im- 
merse the tip in the diluting fluid. Suck the fluid up to the 
mark lOi, close the ends of the pipette with the thumb aiid 
middle finger, and shake the pipette for tw^o minutes. If 
the ends of the pipette are not completely closed during this 
process, some of the fluid will escape. At the end of 
two minutes allow two drops to escape from the pipette 
before examination, because the fluid in the capillary tube is 
unmixed with blood. Then allow a drop to escape upon the 
central part of the counting slide. This drop should com- 
pletely fill the depression after the cover-glass has been 
applied. A little practice is necessary in order to estimate 
the size of the drop required A moderately thick cover- 
glass should be slid over or carefully laid upon the square 
raised surface, and pressure applied to the edges until the 
Newton color-zone can be seen between the cover-glass and 
the square raised surface beneath. Never press on the 
center of the cover-glass. Allow the blood-corpuscles to 
settle a minute or two before counting. 

The corpuscles are estimated as follows : One side of a 
small square is ^ mm. long ; the enclosed square surface is 
j^ mm. The distance between the cover-glass and the 
disc is .1 mm. which gives a cubic capacity of x^^ c.mm* 
for each square. To estimate the number of corpuscles in 
I c.mm, of blood, multiply the number of corpuscles counted 
by 4000, and then by the number representing the amount 
of dilution, iDo or 200 as the case may be, and divide the 
result by the number of squares counted. 

Corp. X dilution Xdooo _,^^,,,^i^ ■ . ,^^ 
^'^ — — ^ = corpuscles m 1 c.mm. 

Squares counted 

To avoid counting any of the corpuscles twncc, alw^aj's 
begin at the upper left-hand square of a quadrant and count 
four squares downward. Count all the corpuscles which 
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touch the upper and left-hand lines of a square, together 
with the corpuscles in the square* Never count the cor- 
puscles touching the right-hand or lower double lines of a 
quadrant In order to make an accurate count it is neces- 
sary to count at least t200 red corpuscles. 

If air-bubbles are present when the cover-glass is applied, 
it is necessary to clean the slide and use a fresh drop of the 
diluted blood. Before beginning the count examine the 
various quadrants with a low-power objective, to see if the 
corpuscles are evenly distributed. If they are not, it will be 
because the blood is not thoroughly mixed, and the slide 
should be washed and the pipette well shaken. Before ex- 
amining a second drop of the diluted blood shake the 
pipette for two minutes as before. The results of three 
drops should be averaged. 

There is a special pipette for counting the white corpuscles^ 
graduated so as to give a dilution of i to lO or i to 20. 
The white corpuscles are estimated in the same way as the 
red corpuscles, except that the dilution 10 or 20 is sub- 
stituted for 100 or 200. This necessitates a fresh drop of 
blood. For a diluting fluid for counting the white corpuscles 
a J or i per cent, solution of acetic acid may be used. This 
solution destroys the red corpuscles. A little gentian-violet 
solution may be added to the acetic acid if it is desired to 
stain the white corpuscles. 

It is possible to estimate both the white and red corpuscles 
in the same drop of blood quite accurately. In order to do 
this it is neccssar\^ to calculate the number of squares which 
would be contained \w the entire ruled surface outside of the 
portion which is divided into quadrants. This may be done 
by means of a micrometer eye-piece and a movable stage. 
The number has been found to be about 2000, although 
there may be some slight variation in each slide. This enables 
one to count 50 white corpuscles or more in each drop by 
counting all the corpuscles within the lines. For calculating 
the number of corpuscles one would divide by the estimated 
number of squares counted, just as in determining the red 
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cDipuscIes, The average of three drops gives quite accurate 
result?^ ancl saves much time and trouble- 

Cover- glass Preparations,— The blood must be spread 
extremely and uniformly thuK If this is done, the blood 
dries very quickly, and the red blood-corpuscles retain their 
shape and are not crowded together and lying over one an- 
other. To obtain such a result it is essential that the cover- 
glasses should be absolutely clean ; that there should be no 
delay in bringing the cover-glass which has the drop of blood 
on its surface in contact with a second cover-glass ; and that 
the drop of blood should be quite small. The following 
method gives the best results: The procedure is rendered 
much easier if some one is present to assist. This person 
places a finger beneath the lobe of the ear in order to raise 




Fig. III.— I'orniik ul {(jfceps tor holding coTtr*g'U»es. 

it slightly without pressing upon it« and with a clean com- 
press wipes away the blood as fast as it flows with a quick 
motion of the hand. This is done to prevent coagulation, 
which occurs very c|uickly»and prevents the drop of blood 
from spreading between the cover-glasses. It takes a little 
time for the blood to spread, the cover-glasses to be sepa- 
rated and laid down, and fresh ones picked up; and if, during 
this time, some one wipes away the blood as fast as it flows, 
much better prcparationa arc obtained. If, in spite of this, 
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as often happens, the blood coagulates about the opening, 
one end of the compress can be slightly moistened with 
water and passed over the opening ^x\d the surface dried 
quickly. The blood then flows freely again. A drop of 
blood a little larger than a pin -head is sufficient. Grasp the 
edge of the cover-glass with a pair of spring forceps, pick up 
a second cover-glass with a pair of plain forceps. Both 
pairs of forceps must be especially prepared by having the 
inner surfaces of the points ground smooth. The cover-glass 
in the spring forceps is held horizontalty just below the ear, 
and the other cover-glass, held with the other forceps, is 
touched lightly on the blood and immediately dropped on 
the first one. If the cover*glasses are dry and clean and the 
blood has not begun to coagulate, it spreads at once in a 
thin film between the glasses. The glasses are then drawn 
apart with a rapid sliding motion by means of the forceps, 
waved in the air a few seconds, and laid down with the blood- 
surface uppermost The layer of blood cannot be too thin, 
but it can easily be too thick. The cover-glasses should 
never be pressed together to make the blood spread. Con- 
siderable practice is required before one becomes proficient 
The specimens may be fixed by heat or by a mixture of al- 
cohol and ether, equal parts. The best method is to put the 
cover-glasses for twelve hours in a thermostat at a tempera- 
ture between no° and !2o° C. (Ehrlich*s method). This is 
objectionable on account of the time and apparatus required. 
A practical modification of this method is to heat the cover- 
glasses on a brass plate for an hour at a point on the plate 
where water boils. The plate should be about | of an inch 
thick and from 15 to 18 inches long. It should be heated 
from one end to a constant temperature. Test the degree of 
heat with drops of water and select a part where the water 
boils* At a point nearer the flame it will be found that the 
water sputters and rolls about, indicating too high a temper- 
ature. After putting the cover-glasses, with the blood-side 
uppermost, upon the selected point, it is necessary to test the 
degree of heat from time to time, and perhaps to shift the 
cover-glasses. 
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A shorter and easier method, not so satisfactory, is to fix 
the specimens by immersing them for from thirty minutes to 
an hour in a mixture of absolute alcohol and ether, equal 
parts. This gives good results, as a rule. 

A very simple and quick method of fixation has recently 
been devised by Dr. W. F. Whitney. Fix the preparations 
witli Zenker s fluid, in which the acetic acid is replaced by 
nitric acid, for ten to fifteen seconds. 



Bichromate of potassium, 
Corrosive sublimate, 
Sulphate of sodium. 
Nitric acid, 
Water, 



2 5 g.; 
5-0 g-; 
log,; 
5.0 ex, ; 
ad 100.0 ex. 



Wash off with water ; drain or blot oflT excess of water, and 
stain in the usual way, Ehrlich's triple stain is particularly 
recommended. 

The Blemettts of the Blood*— Red corpuscles, white 
corpuscles, and hematoblasts. The red blood-corpuscles (ery- 
throcytes) are biconcave discs. The diameter of a red blood- 
corpuscle in human blood is the same for male and female, and 
averages 7.8/i, The red corpuscles have a pale-yellow color 
with a faint tinge of green ; they are homogeneous, highly 
refractive, and have no nuclei (normally). Outside the cir- 
culating blood the corpuscles rapidly undergo alterations in 
their shape and size. These changes may be prevented or 
hindered, for purposes of study, by appropriate methods of 
fixation and preservation. The average number of red cor- 
puscles in 1 cubic millimeter of human adult blood is from 
four million to five million. Under abnormal conditions the 
red corpuscles var>' in size, shape, and number, and a small 
proportion of them may have nuclei. 

I, Variations in the shape {foikiiocytt^sis) are of frequent 
occurrence. Some of the corpuscles may be pear-shaped or 
bottle-shaped ; others may be shaped like saddle-bags or 
have projections. Variations in the size of the crj-lhrocytes 
are also common. They all retain the centml depression, 
notwithstanding the variations in shape and siie. 
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2. Abnormally large erythrocytes, var>'ing from lo to 14/1 
in diameter and without nuclei, are called megalocytes. Very 
small erythrocytes, varying from 2 to ${i in diameter, are 
called microcytes. The microcytes contain hemoglobin, but 
do not have the central depression. 

3. Nucleated red corpuscles (erjlhroblasts) occur in two 
forms, the so-called normoblasts and the megaloblasts or 
gigantoblasts, A normoblast is the same size as a normal 
corpuscle, but contains a single relatively large nucleus, 
The nucleus is commonly situated in the centre of the cor* 
puscle, but it may He in the periphery, and takes a more 
intense stain than the nucleus of any other corpuscle. 
Mitosis is observed frequently. Free nuclei are found 
often. A megalo- or gigantoblast is from three to five 
times as large as a normal red corpuscle, and contains a 
relatively large round nucleus in the center. The intensity 
with which this nucleus stains is midway between that 
of the normoblast nucleus and the nuclei of the white cor- 
puscles, 

4. The so-called a/n'mic degepieraiwn of the red corpuscles 
is less commonly met with than the preceding changes. 
When cover-glass-preparations are stained with eosin-hema- 
toxyiin or eosin-methylene-blue, the red corpuscles, instead 
of staining a bright eosin-red, take a muddy-looking, darker 
stain. This appearance is assumed to be due to degenera- 
tive changes in the stroma of the corpuscles^ which cause 
the hemoglobin to become stained to some extent by the 
nuclear stain in addition to the eosin. 

The white corfiusc/fS (leucocytes) differ in size, in the size 
and shape of their nuclei ^ and in the granules which are con- 
tained in the protoplasm. They have been classified in vari- 
ous ways, depending upon their supposed origin and upon 
the granules which tltey contain. 

Ehrlich diflferentiates five different kinds of granules found 
in the human blood: the a or eosinophilic granules; the ^ 
or amphophilic; the S and y or basophilic granules; and the 
e or neutrophilic granules. 

The a or eosinophilic granules are coarse, round or oval, 
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highly refractive granules which have an affinity for the acid 
aniline stains, especially eosin. 

The /? or amphophilic granules have an affinity for both 
acid and basic stains. They occur very rarely in human 
blood, but are common in the blood of certain animals. 

The o and y granules are finer and less refractive granules 
which have an affinity for basic stains. The y granules are 
nearly as large as the eosinophilic granules, but are not so 
refractive. The f? granules are much finer and not ver>^ re- 
fractive, and are very numerous in the cells in which they 
occur. 

The t or neutrophilic granules are much smaller, more 
numerous^ and less refractive than the eosinophilic granules, 
and have an affinity for neutral stains. They occur only in 
human blood 

Morphologically, there are five varieties of white cor* 
puscles. They are — ^the small mononuclear cell or lympho- 
cyte; the large mononuclear cell; the transitional large 
mononuclear cell; the neutrophile; and the eosinophile. 
The small mononuclear cell or lymphocyte is slightly larger 
than a red corpuscle, and has a single round nucleus sur- 
rounded by a narrow strip of protoplasm which contains no 
granules. The nucleus stains more intensely than the nuclei 
of the other w hite corpuscles. 

The large mononuclear cell is much larger than the 
lymphocyte, and contains a large, oval or round nucleus 
surrounded by a wide Eone of protoplasm. The nucleus 
takes a fainter stain than that of the lymphocyte. 

The transitional large mononuclear cell differs from the 
large mononuclear only in having a saddle-bag-shapcd 
nucleus. Variations in size are frequently observed in the 
small mononuclear as welt as in the large mononuclear cells. 
so that under some circumstances it is difficult to distinguish 
to which type of cell a given cell belongs. 

The neutrophile or polymorpho-nuclear leucocyte is about 
three times as large as a red corpuscle. This cell is the so- 
called polynuclcar leucocyte found in pus. The nucleus, as 
the name implies, is more or less subdivided, and often re- 
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sembles various letters, as S, Z, V, M, etc. The nucleus is 
surrounded by a relatively large amount of protoplasm 
which is more or less completely filled with fine neutrophilic 
granules. 

The normal eosinophile resembles the neutrophile in size 
and in the character of its nucleus. It differs from the 
neutrophile, at least chemically, by containing the eosinophilic 
a granules. 

The large mononuclear^ transitional, and neutrophilic cells 
are regarded as the same cell in different stages of develop- 
ment The younger form is the large mononuclear, and 
the oldest is the neutrophile. During the process of " ripen- 
ing," as it is called, the fine e granules are formed in the pro- 
toplasm, and the nucleus becomes more or less subdivided. 

The so-called mastzdicn — that is, cells which contain baso- 
philic granules — %vere supposed by Ehrlich to originate from 
fixed connective-tissue corpuscles and from the spleen, and 
not to be present normally in the blood. Later investiga- 
tions show that an occasional mastzeik ma)^ be found in 
normal blood. 

MarkzeUcn, or myelocytes, is the name applied to large 
mononuclear cells containing neutrophilic, and sometimes 
eosinophilic, granules. These cells are present in the 
medullar^^ cavity of the long bones, but are never found in 
the blood normally, 

Hematoblasts {blut-piattdieH) are small round or oval discs 
from i.s to 3.5/1 in diameter. They do not contain hemo* 
globin and have no central depression. They are so rapidly 
disintegrated on exposure to the air that it is necessary to 
use special precautions in order to preserve them. The best 
way to study them is to put a drop of some preserving fluid 
on the skin from which the blood is to be obtained, and then 
puncture the skin through the fluid. A i per cent, aqueous 
solution of osmic acid can be used, or, if it is desired to 
stain them, l part of methyUvlolet in 5000 parts salt solution 
may be used. 

Methods of Staimng.— Of the many staining fluids 
which have been employed to differentiate the white cor- 
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puscles. it is necessary to mention only those which are com- 
monly used and which have been found to answer all pur- 
poses. 

Ehrlich*s triple Btain possesses the advantage of staining 
both the eosinophilic and neutrophilic granules in addition to 
the nuclei. The formula is as follows: 



Orange G> saturated aqueous solu- 
tion, 
Distilled water, 



120 to 135 cc. ; 

100 •' 



Acid fuchsin, saturated aqueous 

solution, 65 *' 

Distilltid water, loO " 

Absolute alcohol, 100 ** 

Methyl green, saturated aqueous 

solution, 125 '* 

Distilled water, 100 " 



Absolute alcohol, 
Glycerin, 



100 

100 



The various ingredients are prepared separately as indi- 
cated by the dotted lines, and are afterward mixed grHdually. 
The mixture mu??t stand for several weeks before using. It 
is advisable to withdraw by means of a pipette some of the 
staining fluid from the middle portion without disturbing the 
bottom. 

The cover-glass preparations should be stained from six to 
eight minutes, washed thoroughly with water, dried, and 
mounted in Canada balsam. The neutrophilic granules are 
stained violet; the eosinophilic, a bright red; the nuclei of 
the neutrophilic and the eosinophilic cells are a greenish- 
blue; the nuclei of the lymphocytes, a deep blue; the nu- 
clei of the large mononuclear cells, a pale blue ; the red cor- 
puscles, copper color: and the nuclei of the red corpuscles, 
if any be present, a more intense blue than the nuclei of the 
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lymphocytes. For some unexplained reason this stain is 
not always uniform in its action. 

It is sometimes difficult to distinguish a nucleated red cor- 
puscle from a lymphocyte. It is well to remember, there- 
fore, that the nuclei of red corpuscles stain more intensely 
than other nuclei, and have very sharply defined outlines, 
and by careful focussing it is seen that the surrounding 
stroma is stained the same color as the other red corpuscles. 

Ehrlich's Hematoxylin-eosin Stain. — 

Distilled water. 

Alcohol, 

Glycerin, aa. lOO grams ; 

Hematoxylin, 4-5 " 

Acetic acid, 20 " 

Alum in excess. 
The mixture remains from four to six weeks in the sun, 
and then about i per cent, of eosin is added. Stain for from 
twelve to twenty-four hours in a covered glass dish in the 
sun. Wash thoroughly in water, dry, and mount in Canada 
balsam. 

The red corpuscles are stained red, w^ith at times a tinge 
of orange; the nuclei of the red corpuscles, a deep black; 
the protoplasm of the leucocytes, a light lilac ; the nuclei, a 
dark lilac; the eosinophilic granules, a bright red; the nu- 
clei of the lymphocytes, black, with not quite so deep a tinge 
as the nuclei of the red corpuscles. The protoplasm scarcely 
stains. 

Eosin and Methylene-blue Stains. — Separate stain. The 
eosin solution, a ^ per cent, alcoholic solution, is heated and 
the cover-glasses are stained in it from two to three minutes, 
and are then stained in a saturated aqueous solution of 
methylene-blue for from two to three minutes ; thoroughly 
washed, dried, and mounted in Canada balsam. 

The red corpuscles are stained eosin red; the nuclei of the 
red corpuscles, a deep-blue; the nuclei of the leucocytes 
are stained a light blue ; the eosinophilic granules, a bright 
red. 
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Obenzinsky-Plein Solution. — Saturated aqueous solution 
of mcthylene-b!ue, 40 c.c, ■ i per cent, (in 70 per cent, alco- 
hol) eostn soluEion, 20 ex. ; distilled water, 40 ex. 

The best results are obtained by staining the specimens for 
twenty-four hours. A fair!y good stain may be obtained by 
heating the solution fifteen minutes. The red corpuscles are 
stained eosin red ; the eosinophilic granules, a bright red ; and 
the nuclei, blue. 

The basic granules may be stained by a concentrated so- 
lution of methytene-blue. The specimens should remain in 
the solution from five to ten minutes. 



METHODS OF FIXING AND EXAMINING SPECIAL OR- 
GANS AND TISSUES. 

Tissues which are to be hardened should be obtained as 
fresh as possible. For this reason autopsies rarely furnish 
such perfect material as is obtainable from experimental le- 
sions in animals or from surgical operations. Still, most of 
the pathological material conies from autopsies, and it is en- 
couraging to know that very good work can often be done 
with tissues not fixed until twenty-four hours or even more 
after death. The most valuable autopsies are those which 
are freshest, and in which but one etiological factor has been 
concerned, so that the relation between the cause and the le- 
sion produced is uncomplicated and can be readily grasped 
and understood. 

The choice of the proper fixing reaj^ent varies with the 
tissue, tlic lesion, and the use to which the material is to be 
put. For simple diagnosis alcohol is usually sufficient For 
special investigations other fixatives may be required. In 
general it may be said that alcohol is best suited for bacteria 
and for many micro-chemical color reactions; Zenker's or 
Orth*s fluids for red blood-globules, nuclear figures, and pro- 
toplasm; formaldehyde for the central nervous system. 
More attention will be paid to this point in the consideration 
of the separate organs and tissues. 
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It h important that pieces of tissue for histological study- 
should be placed in the proper fixatix'c as soon after the re- 
moval of the organs from the body as possible, so that the 
surface will not dry or the blood and other fluids escape from 
the vessels. Do not wash ofi" the surface with water. The 
tissues should almost invariably be cut into thin slices, not 
over 4 to 8 mm. thick. For the finer fixatives 2 mm. should 
not be exceeded. 

Frozen sections of fresh tissues will often show whether 
the material is worth saving, and suggest what fixatives had 
best be used — such as Flemming's solution, for instance, if 
fat is present 

Acute Inflammatory Exudations j ' Granulation- 
tissue. — ^The elements in acute inflammatory exudations 
which require preservation are chiefly polynuclear leucocytes^ 
serum » fibrin » and red blood-globules. The best general 
fixative for them all is Zenker's fluid. It not only pre- 
serv^es perfectly the characteristic nuclei of the IcucocyteSp 
but also the protoplasm which stands out sharply in con- 
trast-staining with eosin. The albumin of the serum is 
coagulated into a finely granular material* The fibrin and red 
blood-g^lobiilcs stain brilliantly with eosin. Alcohol is gen- 
erally preferred for the fixation of any organisms associated 
with the exudation, but after fixation in Zenker's fluid they 
can be perfectly stained with Unna's alkaline methylene-blue 
solution. Occasionally other fixatives, such as Flemming's 
or Pianese's, will be found useful, especially for the study of 
any attendant degenerations, 

Zenker's fluid will also be found invaluable for fixing 
granulation-tissue where a similar exudation is generally 
combined with new^-formed blood-vessels and connective 
tissue. 

For the study of the plasma-cells which early make their 
appearance in granulation-tissue hardening in alcohol is gen- 
erally advisable, although Zenker's fluid is often to be pre- 
ferred, and for eosinophiles is indispensable. 

IfUng. — In the preservation of the lungs it is important 
to save portions that have not been squeezed, so that the 
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relations of the exudations may not have been changed or 
the alveoli compressed Thin slices are usually preferable 
to cubical pieces, and should be cut with a ver^-^ sharp knife, 
so as not to compress the tissue, and dropped immediately 
into the fixing fluid, before the contents of the bronchi and 
of small cavities have had time to run out. An emphysem- 
atous lung is so delicate that it is usually better to inject a 
whole lung through the bronchi with the fixing fluid or to 
snip out small pieces with scissors. Zenker*s fluid and 
alcohol are the most useful fixatives. 

Spleen*— The spleen -pulp may be examined by means 
of dried cover-slip preparations in the same way as described 
for the blood. Material can be obtained immediately after 
death by means of a long trocar thrust into the spleen. 
Teased preparations can be examined in salt solution. The 
spleen-tissue is well preserved in Zenker's fluid if cut into 
thin pieces not over 2 to 4 mm. thick. Paraffin sections are 
to be preferred when convenient, so that the thinnest possi- 
ble sections may be obtained. 

Bone-marrow may be examined in the same way as 
spleen-pulp in cover-slip preparations, or thin slices may be 
hardened in Zenker^s fluid or some other fixative such as 
formaldehyde for study by means of sections. Eosin foU 
lowed by alkaline mcthylcne-blue solution i% strongly 
advised. 

Kidney. — The choice of fixing reagents varies largely 
with the lesions present. Zenker's fluid is advisable for 
general histological purposes, for blood, and for hemo- 
globin ; alcohol for bacteria, amyloid, hemosiderin ; Flcm- 
mings for fat; boiling water for albuminous exudations. 
The pieces of tissue preserved should include both cortex 
and pyramids. 

In cases of chronic nephritis the capsule should not 
be peeled from those parts kept for microscopical pur- 
poses, 

PamflSn imbedding is generally to be preferred for the 
kidney, especially when lesions of the glomeruli are present. 

For the simple demonstration of fat, teased preparations 
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or frozen sections of fresh material can be mounted in water 
and treated with acetic acid or stained in sudan IIL 

Gastro-intestinal Tract.— Portions of the stomach or 
intestine should be hardened as soon after death as possible 
for satisfactory study, because the gastro-intestinal tract so 
rapidly undergoes post-mortem changes. It has been recom- 
mended in appropriate cases, where an autopsy is allowable, 
to inject the stomach with the desired fixing solution by 
means of a rubber tube as soon after death as is permissible. 
Under no circumstances should the surface of the intestine 
or stomach be washed with water Use either normal salt 
solution or some of the fixing solution. It is important to 
keep the tissue flat while hardening. This can usually be 
done by laying it with the peritoneal surface down on thick 
filter-paper, to which it readily sticks. Sometimes it is 
necessary to pin the specimens down at the edges on flat 
pieces of cork. Do not let the surface dry before the speci- 
men is placed in the fixing solution. Zenker's fluid can be 
highly recommended as a fixative, but alcohol is sometimes 
to b€ preferred, 

Wver.™-For fat the liv^er is examined fresh in teased prep- 
arations or frozen sections, or after hardening in Flemniing's 
or Marchi*s solution, by means of celloidin or paraffin sec- 
tions. 

For obtaining the iron reaction with hemosiderin in cases 
of pernicious anemia, and for the reactions of amyloid, harden 
in alcohol. 

For general histological study Zenker's fluid will be found 
exceedingly useful. 

The bile-capillaries may be demonstrated by means of 
Golgi's silver method. 

Boehm's directions for it are as follows: 

I. Harden pieces of liver i cm. in diameter for seventy 
hours or more in 

3 per cent solution of bichromate of potassium, 4 parts; 
I per cent .*5olution of osmic acid^ i part. 
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2. Transfer for twenty*four to forty-eight hours to a | per 
cent solution of nitrate of silver. 

3. Wash in water. 

4. Harden and cut 

The bile-capillaries appear dark brown on a yellow ground. 

Bone and Cartilage. — Excellent work can be done after 
hardening in alcohol, and fixation in it is generally recom- 
mended for all infectious processes in bone. The histological 
structure is, however, better preserved in Zenker s or Orth*s 
fluid. In decalcifying bone, after proper fixation, thin pieces 
should be taken, not more than 2 to 4 mm. thick, so that the 
process may be finished as quickly as possible. While tu* 
bercle bacilli will stain readily after being twenty-four or even 
forty-eight hours in S per cent, nitric acid, it is impossible 
to stain them after they have been subjected to the same 
strength of nitric acid for four days. (For details in regard 
to decalcEfication see page 252,) 

Celloidin is preferable to paraffin for imbedding. Besides 
a simple stain with alum-hcmatoxyhn, double stains of the 
latter with neutral carmine or eosin are sometimes advanta- 
geous. The best pictures with carmine as the contrast-stain 
are obtained by staining first in alum-hematoxyljn, washing 
twelve to twenty-four hours, and then staining in the neutral 
carmine. The carmine stains decalcified bone and o^^tcoid 
tissue red* Phosphotungstic-acid hematoxylin will some- 
times be found useful, e*^pecial!y when cartilage is present, 
because it stains the intercellular substance both of bone and 
of cartilage pink, while the nuclei are stained blue. The 
ground substance of cartilage, especially in new-growths, 
often stains so intensely with alum-hcmatoxylin that the 
nuclei are quite obscured. For the same reason chlorid of 
iron hematoxylin is often useful because it does not stain the 
ground substance. 

The following method is recommended for differentiating 
cartilage from bone : 

Sehaffer's Saf^ania Method, — Dccaldfy with nitric acid, 

L Stain sections a half to m\%z hour in an aqueous M>lution 
of safranin^ 1 : 2000. 
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2. Wash in water. 

3. Place for two to three hours in a ^ per cent, solution 
of corrosive sublimate, 

4. Examine in glycerin, or, if permanent specimens are 
desired, pass very quickly through alcohol, blot with filter- 
paper, further dehydrate, and clear for a long time in berga- 
mot or clove oil, and mount in xylol balsam. This is a 
double stain : cartilage, orange ; bone, uncolored ; connective 
tissue and marrow, red. 

None of the methods above given have proved reliable in 
tlie study of rickets and of osteomalacia for difleren dating os- 
teoid from true bone-tissue. In important cases, therefore, it 
is advisable to use an old knife, and to cut sections of the 
undecalcified tissue after imbedding thoroughly in celloidin. 

Schmorrs methods ^ of demonstrating the lacunae and 
canalicular of bone in sections can be highly recommended. 

Mt*ikod A. — I. Fix preferably in Miiller's fluid, formal- 
dehyde, or Orth's fluid ; do not use corrosive sublimate 
solution. 

2. Decalcify by the slower methods — namely, Ebner s or 
Thoma's, or in MuUer's fluid 100 ex. plus nitric acid 3 c.c. 

3. Imbed in celloidin ; paraffin is objectionable. 

4. Place the sections for at least ten minutes in water to 
get rid of the alcohol. 

5. Stain for five to ten minutes or longer in saturated solu- 
tion of thionin in 50 per cent, alcohol, 2 cc, water, 10 c.c.^ 
or in Nicolle s carbolthionin solution. 

6. Wash in water. 

7. Place in a .saturated aqueous solution of picric acid for 
one-half to one minute. 

8. Wash in water, 

9. Place in 70 per cent, alcohol for about five to ten min- 
utes until no more dense clouds of color are given oK. 

10. Dehydrate in 95 per cent alcohol. 
U. Clear in oleum origani crctici. 

12. Xylol balsam. 

Bone substance yellow to yellowish-brown ; bone lacunse 
1 Scbmorl : Ct^iralMait /Br alig, Paihifkgie, sSgg, *,, 745, 
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and canaliculse dark brown to black; cells red. Fat-cells 
after fixation in Muller* s fluid reddish violet Osseous tissue 
stains a deeper yellow than osteoid tissue. Canaliculae stain 
in osseous tissue, but not in osteoid tissue unless the thionin 
solution is made alkaline by the addition of i or 2 drops of 
ammonia. (This solution cannot be recommended for gen- 
eral use.) 

This method is not a true stain, but resembles Golgi's 
metliod; a precipitation of coloring-matter takes place in 
the lacunae and canaliculus ; it also takes place to a consid- 
erable extent in other narrow spaces in the tissues, and often 
is vtry disturbing. It can be gotten rid of to some extent 
without injury to the stain by leaving the sections in step 8 
in the water for half an hour. The canalicul^ are now 
usually brownish red to red, and the bone substance blue 
to colorless. In this case it is often best to stain the sec- 
tions first in alum hematoxylin to bring out the nuclei, 

Mitlwd B gives good results with the bones of children 
only. I. Harden in MuUefs fluid or in Orth's fluid, fol- 
lowed by Muller's for six to eight w^eeks, or for three to four 
weeks in the thermostat ; take very thin pieces of tissue, 

2- Wash ofl" in w^ater, and decalcify in Ebner*s solution, 

3, Wash thoroughly \\\ running water 

4, Harden in alcohol; imbed in celloidini cut sections 
very thin, 

5, Stain in Nicolle*s carbolthionin. or better in the alka- 
hne (NH|OH) thionin solution given above, for three 
minutes. 

6, Transfer to a saturated aqueous solution of phospho- 
tungstic or phosphomolybdic acid (use glass or platinum 
needle) for a few seconds or longer. The sections become 
blue, green, or gray in Color, 

7, Water five to ten minutes until they acquire a sky-blue 
color. 

S, Place in dilute ammonia (i-lo) for three to five minutes 
to fix the color, 

9. Transfer directly to 90 per cent alcohol; change sev- 
eral times to get rid of the ammonia. 
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10. 96 per cent, alcohol 

11. Clear in carbol xylol. 
12* Xylol balsam. 

If the ground-substance is stained too deeply by the alka- 
line thionin solution, treat the sections with acid alcohol for 
five minutes, followed by water before dehydrating. The 
borders of the lacuna and canalicular stain bluish black ; 
the ground-substance of bone clear to greenish blue ; cellu- 
lar elements a diffuse blue color In rachitic bones the 
canalicul^ are brought out only in osseous tissue. 

Skin* — Much of the material for the study of lesions of 
the skin is obtained during life by means of a Mixter punch 
or with the knife or scissors. Fixation in absolute alcohol is 
often advisable, especially when it is desired to stain bacteria, 
mastzellen^ plasma-cells, and elastic fibers. The staining 
methods for these tissue-elements will be found on pages 
301-308. For Unna*5 innumerable stains for degenerated 
connective-tissue fibers, elastic fibers, etc. the reader is re- 
ferred to his numerous articles on technique in the Monai- 
stuft. /, firaJtt DcrfPiatolopt' during the last half-dozen years. 

For many skin- lesions, especially those in which blood- 
vessels play a more or less prominent part, Zenker's fluid is 
advisable. For finer histological work Pianese s fixatives and 
special stains are fbcommended. 

In the examination of hairs or scales of epidermis fov 
bacteria and fungi it is important first to remove the fat from 
them by means of equal parts of alcohol and ether They 
are then examined in 40 per cent, caustic potash, ^vhich, by 
clearing up the cells, brings out the organisms and spores 
quite distinctly. Heating the potash over a small flame 
hastens the process, but is a somewhat risky proceeding; 
soaking in the solution over night is better. Examine the 
preparation with most of the light excluded. 

Preparations may be made in certain cases by touching the 
cover-slip to the surface of the lesion, drying, and passing 
through the flame. After removing the fat by means of al* 
cohol and ether, stain as with ordinary cover-slip preparations, 

Unna's method is to rub up the scales of epidermis in a 
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little glacial acetic acid between two slides, which are then 
drawn apart and quickly dried over the flame. After re- 
moving the fat by means of alcohol and ether the slide 
preparations are stained in borax-methylene-blue. 

For staining the various vegetable parasites of the skin 
Malcolm Morris recommends the following method, which 
he claims is the best one yet devised, as it avoids the use of 
the hydrate of potash : 

1. Ether, or alcohol and ether equal parts. 

2. Stain in a solution of 5 per cent, gentian-violet in 70 
per cent alcohol, five to thirty minutes. 

3. lodin solution, one minute. 

4. Aniline, or aniline plus 2 to 4 drops of nitric acid. 

5. Aniline. 

6. Xylol 

7. Xylol balsam. 

The most suitable medium for the growth of the various 
ringworms is the following, due to Sabourand : 

Agar^agar, I.3<>; 

Peptones, ,50 ; 

Maltose, 3.80; 

Water, 1 00. 

Instead of test-tubes, EUenmeyer flasks are used, so as 
to get a large flat surface for the growth to spread over from 
the point of inoculation in the center. The most favorable 
temperature for growth is 30** C 

Mnsema Preparations.— Specimens intended to be 
preserved for the nuiscum should generally be gotten into 
pretty good shape by trimming and dissecting before they 
are placed in the "hardening reagent Of the liver or other 
large organs and tumors sections several cm. thick are gen- 
erally preferable to the whole specimen. The usual custom 
in the past has been to wash the specimen for a number of 
hours or over night in running water, to get rid of the blood, 
and then to preserve in So per cent alcohol This method 
preserves form and relations well, but is nearly valueless for 
preserving colors. 
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Since the introduction of formaldehyde, from which at 
first much was expected in the way of faithful fixation of 
the normal colors of gross preparations, numerous attempts 
have been made to improve on the results obtainable with 
formaldehyde alone. Of the methods advocated, the follow- 
ing from Vtrchow's laboratory seems the most promising, 
and can be highly recommended: 

Kaifierling's Method of PreBerving the Natiiral Colore 
in Museum Preparations. — i. Fixation for one to five days 
in — 

Formaldehyde, 200 c. c, ; 

Water. rooo *' 

Nitrate of potassium, 15 grams; 

Acetate of potassium, 30 " 

Change the position of the specimen frequently, using rubber 
gloves to protect the hands from the injurious effect of the 
formaldehyde. The time of fixation v^aries with the tissue 
or organ and size of the specimen. 

2* Drain and place in 80 per cent alcohol one to six hours, 
and then in 95 per cent, alcohol for one to two hours, to re- 
store the color, which is somewhat affected in the fixing 
solution. 

3. Preserve in — 

Acetate of potassium, 200 grams ; 

Glycerin, 400 c.c. 

Water, 2000 '* 

Exposure to light gradually affects the colors. The process 
of fixation should be performed in the dark, and the speci- 
mens when preserved should be kept in the dark except 
when on exhibition. 

If it seem desirable to cut a thin slice from the face of a 
specimen, this should not be done until the preparation has 
been in the preserv^ative fluid two weeks. The specimen 
may then be placed in alcohol for one to two hours to 
brighten up the colors. 
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PATHO LOGICAL PRODUCTS. 

Cloudy SwelUng; Albummous Degeneration,^ 

The increase in the relative number of the albuminous 
granules of the protoplasm of the various tissue-cells in 
pathological processes is usually determined by examination 
of the fresh material, either macroscopically from the appear- 
ances on section, or microscopically from teased preparations 
or frozen sections mounted in salt solution. The organ as a 
whole (and therefore the individual cells) usually shows 
some increase in size. The nucleus is generally more or 
less obscured if the process is at all marked. According to 
Israel, the cloudiness must be recognizable with low powers 
and in places where the cells are massed together. The 
diagnosis should not be based on the appearances of single 
cells. 

The chemical properties of the albuminous granules are 
the following : they disappear on treatment with dilute acetic 
acid (1*2 per cent, solution usually); they are not dissolved 
by chemical substances which dissolve fat (absolute alcohol, 
ether, chloroform, etc*) ; and they do not stain with osmic 
acid. The acetic-acid test is the one usually employed 

Albuminous degeneration can also be studied in sections 
of tissues hardened in certain of the fixatives and stained with 
diffuse colors. For this purpose hardening in Zenker's fluid 
and staining in alum-hematdxylin and eosin can be highly 
recommended. 

Fatty Degeneration. — Fatty degeneration can be 
studied both in fresh and in properly hardened tissues. The 
recognition of fat in fresh specimens depends, aside from its 
physical peculiarities, on the following chemical properties : 

1 , It does not disappear on the addition of acetic add. 

2, It resists the action of dilute caustic potash or soda. 

3, It is blackened by osmic add. 

4, It is dissolved (after dehydration in alcohol) by chloro- 
form, ether, etc. 

5, It stains red with sudan III. 

The tests usually employed with teased preparations or 
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frozen sections of fresh tissues are the reactions with acetic 
acid, Sudan III, and osmic acid. The acetic acid is gener- 
ally employed in a i or 2 per cent solution, of which a few 
drops are placed at the edge of the cover-slip and drawn 
under by means of a bit of filter-paper placed at the oppo- 
site edge. The osmic add in a 1 i>er cent, solution may be 
used in the same manner for teased preparations, or the 
tissue may be teased apart in a small quantity of the fluid- 
Frozen sections can be placed directly in it 

Since its introduction by Daddi in 1897, sudan III has 
largely replaced osmic acid for the study of fatty degenera- 
tion. The method is simpler, cheaper, and more reliable. 

To stain fat ivith Sudan III: i. Place frozen sections for 
a few moments only in 95 per cent alcohol. 

3. Stain for a few minutes to txventy-four hours in a satu- 
rated solution of Sudan III in iSo per cent alcohol. 

3. Wash off very quickly in 80 per cent alcohoL 

4. Wash in water. 

5. Mount in water or glycerin. 

Sections cannot be mounted in balsam. If sections are 
transferred directly from water to the stain, or directly back 
to water, more or less of a precipitate may be formed. 

Fat is unaffected by formaldehyde or by solutions of the 
chrome salts, so that tissues preserved in them may be ex- 
amined like fresh tissues in teased preparations or frozen sec- 
tions so long as they remain in those fluids. This no longer 
holds true, however, after the tissues have once been trans- 
ferred to alcohol. 

The examination of fat in hardened tissues by means of 
osmium depends on its property of reducing osmic acid and 
thereby being stained black. Although osmic acid may be 
used alone for hardening tissues and staining fat, it is generally 
employed in combination with certain other fixatives. The 
two solutions generally selected are Flemming's and Marchi's. 

Flemming s solution should be allowed to act from two to 
four days if the tissue is from 2-3 mm. thick, and then the 
pieces of tissue should be thoroughly washed in running 
water for twenty-four hours before being placed tn alcohoL 
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Marchrs method was intended for differentiating fat from 
myelin (see page 251). but the solution ^employed by him 
may be used for staining fat in ordinary tissues. Place small 
pieces of tissue in it for five to eight days, wash thoroughly 
in running water, and harden in alcohol. 

Marchi's method, carried through in the manner just 
described, succeeds perfectly with tissues fixed in formal- 
dehyde. 

Fat stained with osmium is soluble in ether, turpentine, 
xylol, and toluol, but is not dissolved by alcohol, chloro- 
form, or oil of cloves. Imbedding in celloidin is not contra- 
indicated, as the alcohol probably protects the fat from the 
injurious action of the ether. For the paraflfin method clear 
in chloroform, and mount in properly prepared chloroform 
balsam. 

Choitsterin ctystais are recognized by their shape. On the 
addition of concentrated sulphuric acid the cry^stals turn 
yellow, and then rose-colon Treated with a little iodin, fol- 
lowed by concentrated sulphuric acid, they become colored 
violet, changing gradually to blue, green, and red. 

Necrosis. — Necrosis in tissues is generally recognized by 
two features: either by the disappearance of the nuclei, al- 
though the celUoutlines may be visible, so that the nuclear 
stain is no longer possible, or by the presence of irregular, 
larger or smaller masses, generally supposed to be due to a 
fragmentation or breaking up of the chromatin, which stain 
intensely with nuclear stains. The disappearance of the nu- 
cleus is not synchronous with the death of the cell, but be- 
gins some twenty-four hours later, so that it is really evidence 
of changes following necrosis. It follows from the above 
that the microscopic evidence of necrosis is best studied in 
sections of tissues hardened in fixatives which favor nuclear 
staining, such as alcohol, Zenker's fluid, etc. Teased prep- 
arations and frozen sections of fresh tissue are much less 
useful 

For the study of sections from hardened material double 
stains with alum-hcmatoxylin and eosin, or, still better, with 
cosin followed by Unna's alkaline mcthylcne-btuc solution, 
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are very useful, for the reasoa that the necrotic areas usually 
stain rather deeply with the diffuse stain, and are thereby 
brought out sharply. 

For rendering the fragmented nuclei prominent the same 
methods may be followed as for mitosis* A fuchsin stain 
washed out by picric acid in the alcohol will often give ex- 
cellent results. 

Caseation is probably a tissue-change following local 
necrosis. Macroscopically and microscopically it resembles 
harder or softer cheese. Under the microscope it appears 
as coarsely or finely granular masses which have more or 
less completely lost the original tissue-structure* The chem- 
ical changes which have taken place have not been studied. 
Fibrin is rarely present. Caseous tissue possesses no peculiar 
staining reactions. Fragmented nuclei are frequently pres- 
ent in it, especially in the peripheries of the areas. 

Bemonstration of Fibrin, — Fibrin usually appears as 
dehcate, transparent, slightiy refractive threads which are 
often closely matted together so as to form large masses. 
More rarely it appears as coherent masses of the finest gran- 
ules, as homogeneous glassy lumps, or as thin sheets. The 
characteristic reaction for fresh fibrin is that it quickly swells 
up and optically dissolves in very dilute acetic acid. 

Fibrin is well brought out in sections of hardened tissues 
by a double stain of alum-hematoxylin and eosin, or of 
eosin followed by Unna*s alkaline methylene-blue solution, 
especially if the specimens have been fixed in Zenker*s fluid 

Weigerfs Differential Stain for Fibrith 

1, Harden in alcohoL Good results can also usually be 
obtained after Zenker*s fluid. 

2, Stain sections in lithium carmine. 

3, Stain in aniline-gentian-violet five to twenty minutes. 

4, Wash off with normal salt solution* 

5, lodin solution i : 2 : lOO one minute. 

6, Wash off with water, 

7, Decolorize in — 

Aniline, 2 parts; 

Xylol, I part. 
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8* Wash ofT with three changes of xylol 

9. Xylol balsam. 

The fibrin and those bacteria which arc stained by Gram 
are stained blue. The nuclei are red if the decolorization is 
carried far enough. It can easily be watched under the low 
power of the microscope. The method is not alw^ays suc- 
cessful, especially with tissues which are old It is some* 
times advisable to increase the proportion of xylol in the 
decolorizing solution, so that the extraction of the color 
may not be so rapid Besides the fibrin, certain forms of 
hyaline are often stained by this method. Fibrin can be 
stained by the above procedure in sections of tissues har- 
dened in Mijller*s fluid if the specimens are first placed for 
several hours in a 5 per cent aqueous solution of oxalic 
acid to reduce the bichromate of potassium. 

Differential stains for fibrin are also obtained by the chlo- 
rid of iron hematoxylin stain (page 293), and by the con- 
nective-tissue stain (page 303). The former is applicable 
after any fixing reagent, the latter only after corrosive sub- 
limate and Zenker's fluid. 

Mucin. — The term " mucin ** is applied to a proteid sub- 
stance having certain chemical rtactions, and also to certain 
other substances which give the same reactions, but do not 
belong to the proteids* These various substances of secre* 
tory and degenerative origin cannot be distinguished micro- 
scopically, and have been investigated but little chemically. 
The reactions in common are the following: they dissolve 
in water to form a slimy fluid ; they are precipitated from 
slightly alkaline solutions by acetic acid; the fresh preci pi* 
tate dissolves in alkalies and in neutral salt solutions. Acetic 
acid, usually employed for this purpose in a 1 or 2 per cent 
solution, precipitates mucin in the form of threads or 
granules. This reaction with fresh tissues has long been 
the main test for mucin. The acetic add is drawn under 
the cover-slip by means of filter-paper placed at the opposite 
edge. The preparation should be mounted in water, not in 
salt solution, which may hinder or entirely prevent the reac- 
tion from taking place. Of late certain color reactions have 
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become prominent. Mucin is coagulated into threads by 
alcohol or corrosive sublimate, and in this farm can be 
stained by a number of staining reagents. Alum-hema- 
toxylin under certain conditions will stain mucin. Accord- 
ing to P. Mayer^ these conditions depend on a certain degree 
of ripeness of the solution, on the presence of enough alum' 
to keep the nuclei from staining deeply, and, most important 
of all, on the absence of any free acid. This is difficult to 
manage, unless the solution is carefully neutralized, on ac- 
count of the acid properties of alum, Mayer therefore 
recommends staining the sections in muchematein (see 
page 267). 

Various aniline dyes have been recommended for staining 
mucin : those most favorably spoken of are methylene-blue 
(Orth), Bismarck brown (P. Mayer), thionin (Hoyer), poly- 
chrome methylene-blue (Unna), and toluidin-blue. The 
drawback to most of the aniline stains is that they are 
quickly extracted by the alcohol used for dehydrating. On 
this account P. Mayer highly recommends Bismarck brown ^ 
because permanent mounts can be easily made with it It 
is not extracted by alcohol, and it does not fade in Canada 
balsam like many of the others. 

Hardening in corrosive sublimate and imbedding in pa- 
raffin are generally recommended as preferable to hardening 
in alcohol and imbedding in cellotdin. Stain sections for 
five to fifteen minutes in a rather dilute aqueous solution of 
the dye chosen. Of Bismarck brown use a saturated aque- 
ous solution, and stain, if necessary, twenty-four hours. 
With thionm, toluidin-blue» and polychrome methylene-blue 
metachromatic stams are obtained ; the mucin is colored red, 
the rest of tlie tissue blue. Two special methods for stain- 
ing mucin are given \x\ detail : 

Hoyer's Method with Thionin- — Mucin, red; everything 
else, blue. 1. Harden in corrosive sublimate, followed by 
alcohol. 

2. Paraffin sections are passed through xylol, chloroform^ 
and 95 per cent, alcohol to fiTc them from paraffin, and are 
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then placed in a 5 per cent aqueous solution of corrosive 
sublimate for three to five minutes. 

3. Stain in a dilute solution of thionin for ten to fifteen 
minutes. 

4. AlcohoL 

5. Clear in the mixture of the oils of cloves and thyme, 

6. Turpentine oil or oil of cedar. 

7. Balsam. 

Before the staining^ the sections must not be treated with 
iodin solution to get rid of the precipitate of mercur>% be- 
cause it spoils the staining. 

Utma^s Method with Polychrome Methylene -blue* — L 
Stain paraffin or celioidin sections hardened in alcohol in 
polychrome methylene-blue five to ten minutes or longen 

2. Wash in acidulated water. 

3. Fix in 10 per cent solution of bichromate of potassium 
half a minute. 

4- Wash in water. 

5. Dry on sKde with filter-paper 

6, Decolorize in aniline plus I per cent, hydrochloric add 
(a i^vi seconds only), 

7. Wash off with oil of bergamot 

8, Balsam. 

Pseudo-tniicin dissolves in water to form a slimy material, 
and is precipitated from its solutions by alcohol in thread- 
like masses w^hich are again soluble in water. It is not 
affected by acetic acid, Pseudo-mucin is found in certain 
ovarian and other tumors. 

Colloid and Hyaline,— The terms colloid and hyaline 
are not yet sharply limited to definite chemical substances. 
The term colloid was originally applied to the homogeneous 
substance found in the thyroid gland, but has been broad- 
ened to include various substances of a similar appeaiance. 
The term hyaline is still more indefinite, but its use may be 
said to be applied most generally to those homogeneous 
substances which stain deeply with various stains, in contra- 
distinction to those which like colloid show no marked af* 
finit>' for staining reagents after ordinary fixatives. 
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Unquestionably, numerous stibstanccs of different chemi- 
cal composition and of varying origin have been grouped 
under these two titles because of their physical and optical 
characteristics — namely, that they occur as glassy, refractive, 
homogeneous, occasionally colored gelatinous or firm masses. 
Chemically, very little that is definite is known about them, 
and they possess no peculiar chemical reactions. Several at- 
tempts have been made to classify them in accordance with 
their reactions to various staining reagents. 

Von Recklinghausen applied the term colloid to all the 
homogeneous, transparent-looking substances, including mu* 
cin, amyloid^ etc., and reserved the term hyaline for a special 
group, which, according to him, is characterized by the fol- 
lowing peculiarities : it resembles amyloid in physical charac- 
teristics, but does not react to iodin ; it stains deeply with 
acid dyes, such as eosin and acid fuchsin. 

Ernst has recently endeavored to diflerentiate two groups 
of hyaline substances, colloid and hyaline, by means of their 
reaction to Van Gieson's picro-acid fuchsin solution. Ac- 
cording to him, true hyaline stains with acid fuchsin alone, 
and appears of a deep- red color, while colloid, of which the 
tj^pical example is found in the thyroid gland, stains with 
both picric acid and acid fuchsin, so that it appears of an 
orange or yellowish-brown color He has also tried to prove 
that all colloid is derived from epithelial cells, while all hya- 
line comes from connective tissue or from blood-vessels. 

According to Von Kahlden, these differential staining re- 
actions with Van Gieson's mixture claimed by Ernst for col- 
loid and hyaline are by no means justifiable, because true 
colloid often stains a deep red. Furthermore, Unna has 
shown that in the skin connective-tissue cells can give rise to 
the so-called true hyaline, of which part is acidophilic and 
part basophilic, while the intercellular substance gives rise to 
colloid. 

The last attempt to classify the various homogeneous sub- 
stances on the basis of their reactions to dyes, apparently 
the only method possible at present, has been made by 
Pianese as a result of his studies of the various degenerative 
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processes occurring in cancer-cells. He used a special fixa- 
tive (see p, 249) and ^\^ difTerent staining methods (see p. 
27s, methods IIL A and B, IV., V., and VL> Of these 
methods, III. B is the best, because it gives a characteristic 
color to each substance — hyaline, brick-red ; colloid, bright 
green; mucin, clear sky-blue; and a substance resembling 
amyloid, a dark reddish-violet. Besides these distinct re- 
actions for colloid, hyaline, mucin, and a substance resem- 
bling amyloid, he found others less definite; one of these he 
calls pseudo-mucin and another pseudo-colloid As a basis 
for his studies he took the reactions of amyloid, mucin (in* 
testine), colloid (thyroid gland), and hyaline (hyaline remains 
of ovarian follicles, hyaline degeneration of renal glomeru- 
li), with the same stains after fixation in his own hardening 
mixture. 

The above brief historical statement is considered neces- 
sary to show the present views in regard to these various, 
more or less indefinite, homogeneous, transparent substances. 
For demonstrating them after the usual hardening reagents, 
of which alcohol and corrosive sublimate are perhaps the 
best, a double stain with alum-hematoxylin and eosin is very 
useful Certain of the homogeneous substances stain deeply 
with eosin ; others, like the transparent drops and masses oc- 
casionally found in the walls of the blood-vessels of the 
brain, stain with hematoxylin. Sometimes good results can 
be obtained with Weigert s fibrin stain or wnth carbol-fuch- 
sin* The most generally useful stain, aside from alum-hema- 
toxylin and eosin, is probably Van Gieson's mixture. 

1 . Stain deeply in alum-hematoxylin. 

3. Wash in water* 

3. Stain three to five minutes in a saturated aqueous solu- 
tion of picric acid, to which is added enough of a saturated 
aqueous solution of acid fuchsin to give it a deep- red color. 
The effect of various proportions is sometimes useful 

4. Wash in water, 

5. Alcohol. 

6. Oleum origani crelici* 

7. Balsam. 
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The transparent homogeneous substances usually stain 
from orange to deep red in color; connective tissue, red. 

Unna's Method for Hyaline and Colloid Material. — A. 
Harden in alcohol, i. Acid fuchsin (2 per cent, aqueous 
solution) five minutes. 

2. Saturated aqueous solution of picric acid two minutes. 

3. Saturated alcoholic solution of picric acid two minutes. 

4. Wash off in alcohol. 

5. Oil, balsam. 

Hyaline and connective-tissue fibers, red ; colloid of thy- 
roid gland, yellow ; protoplasm, yellow. 

B. To show acidophilic and basophilic hyaline: i. Water- 
blue (2 per cent, aqueous solution) twenty to thirty seconds. 

2. Water. 

3. Carbol-fuchsin one to two minutes. 

4. Water. 

5. Alcohol slightly tinged with iodin. 

6. Pure alcohol. 

7. Oil, balsam. 

Nuclei, keratin, and large hyaline masses, cherry red ; con- 
nective-tissue fibril lae, protoplasm, and small hyaline bodies, 
blue. 

For finer work the methods of Pianese should be used. 

Keratohyalin {Unnd), — i. Stain sections in a fairly old 
alum-hematoxylin solution until they are over-stained. 

2. Place in a very weak solution of permanganate of 
potassium (about i : 2000) for ten seconds. 

3. Dehydrate and decolorize in alcohol. 

4. Oil, balsam. 

An isolated stain of the granules of keratohyalin is ob- 
tained, blue-black in color. 

In like manner a 33 per cent, solution of sulphate of iron 
acting for ten minutes, or a 10 per cent, solution of chlorid 
of iron for a few seconds, will produce the same effect. Or- 
dinarily, sections are stained deeply in alum-hematoxylin, 
and decolorized with acetic acid and alcohol or with hydro- 
chloric acid and alcohol. 

Glycogen Infiltration. — Glycogen is a carbohydrate 
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of slightly varying composition, occurring in cells, more 
rarely in the intercellular tissue^ either diffusely or more 
commonly in the form of larger and smaller masses and 
granules of a transparent homogeneous appearance. It is 
demonstrated micro-chemically by means of its reaction with 
iodin, which stains it brown. It is easily differentiated from 
amyloid by the fact that with the exception of the glycogen 
from certain sources, such as cartilage-cells, it is readily 
soluble in water and does not give the iodin-sulphuricnacid 
reaction. 

In consequence of its property of dissolving readily in 
water the aqueous LugoPs solution of iodin cannot be em- 
ployed for staining glycogen in fresh tissues. Instead, a 
thick solution of gum arabic containing i per cent of LugoTs 
solution must be used^ or, better still, equal parts of glycerin 
and Lugol's solution, in which the sections are more per- 
fectly cleared. 

For sections hardened in absolute alcohol the same 
methods may be used, but better results, and practically 
permanent mounts, can be obtained by the method of Lang- 
hans, Lugol's solution is used for staining the sections, be- 
cause after hardening in alcohol the glycogen is much less 
soluble in water than in the fresh state. The iodin-glycerin 
mixture would probably be better. 

L Stain in Lugol's solution. 

2. Dehydrate in i part of tincture of iodin to 3 or 4 parts 
of absolute alcohol. 

5. Clear in oleum origani cretici. 

The sections are to be preserved in oil. Even a ring of 
balsam around the cover-slip will cause the color to fade. 
Other Oils arc not so good. 

Lubarsch recommends the following method : i. Fixation 
in absolute alcohol' 

2. Stain for five minutes in tlie following solution, which 
should be filtered and carefully protected from sunlight : 
Delafields hematoxylin, 3; 

Lugol's solution, 2; 

Water, I. 
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3, Alcohol, xylol, xylol balsam. Glycogen brown, nuclei 
blue. 

Amyloid Infiltratioti,— Amyloid is insoluble in water, 
alcohol, ether, and dilute acids, and is not digested by pepsin 
and hydrochloric acid. It is distinguished from the other 
homogeneous substances, except glycogen, by the fact that 
it is stained mahogany -brown by iodin in solution. If a 
section containing amyloid be quickly and lightly stained in 
iodin solution and then transferred to sulphuric acid, the 
color of the amyloid will usually change at once or in a few 
minutes from red, through violet, to blue. Sometimes the 
color turns simply of a deeper brown. Several of the 
aniline dyes give almost as perfect characteristic color-reac- 
tions for amyloid as iodin, and are perhaps better for the 
purposes of histological study. Any of these differential 
stains may be used with fresh or hardened tissues. Alcohol 
as a hardening reagent gives the best results, but the other 
fixatives may be employed. Unfortunately, good permanent 
mounts cannot be made with any of the characteristic stains, 
so that the ordinary double stains of alum-hematoxyUn with 
eosin or Van Gieson*s mixture will often be found of the 
greatest help in studying the distribution of amyloid. 
The aniline-blue connective-tissue stain can also be highly 
recommended because it stains amyloid light blue, so that 
it stands out in marked contrast to the red of the liver- 
cells. 

Iodin Reaction for Amyloid. — i. Stain sections in a weak 
solution of iodin (Lugol's solution diluted until of a clear 
yellow color) for three minutes. 

2, Wash in water. 

3. Mount and examine in water or glycerin. 

If the tissue reacts strongly alkaline, a condition which 
may result from post-mortem decomposition, the color reac- 
tion with iodin will not take place. In such cases the tissue 
or the sections of it should be treated with dilute acetic acid 
before applying the test. The normal reaction of amyloid 
with iodin may be increased by treating the section after 
staining with dilute acetic acid. 
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Langhaos' Method for Obtaming Permanent Mounts 
with lodin.— L Harden in alcohol. 

2, Stain sections in Liigors solution, 

3, Dthyhrate in i part of tincture of iodin to 3 or 4 parts 
of absolute alcohoL 

4* Clear and mount in oleum origani cretici. 

The color is said to keep remarkably well Other oib or 
balsam cause it to fade quickly. The staining in LugoFs 
solution may be omitted, as the tincture of iodin usually 
stains the amyloid sufficiently deeply. 

Iodin and Sulphuric-aoid Beaction, — i. Stain quickly 
and lightly in dilute LugoFs solution. 

2. Treat with sulphuric acid, either concentrated or dilute 
(i to S per cent), on the slide or in the staining dish. Strong 
hydrochloric acid may be used in the same way* 

The change of colors from red to blue already spoken of 
usually occurs within a few minutes, but occasionally does 
not take place at all 

The following substances give reactions with the above 
iodin tests : 

K Ckoiesterin crystnis are stained rather dark with dilute 
iodin solution, and turn a beautiful blue color at the edges 
on the addition of strong sulphuric acid. 

2. The corp&ra amyiacea in the prostate and central nerv- 
ous system stain brown with the dilute iodin solution. 

3. Siarch'gramiks stain blue with dilute iodin solution. 

4. C^'liiilose stains yellow with iodin. If washed and 
treated with strong sulphuric acid, it turns blue where the 
acid touchs it. 

For the reactions with the aniline dyes the sections must 
be free from celloidin. 

Beaotion with Methyl- or 0eiitiaii-Tiolet — 1. Stain in 
i per cent, methyl-violet three to five minutes. 

2. Wash in water plus 1 per cent of hydrochloric acid 

3. Examine in water or in glycerin. 

The stain will keep for some time if mounted in a satu- 
rated solution of acetate of potash or in Icvulose. Other 
methods arc to stain in anilinc-gcntian-violet and to wash 
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out in a I or 2 per cent, solution of acetic acid, or'to stain 
in a strong solution of methyl-violet to which acetic acid is 
added ^ and to wash out in water The amyloid is stained 
violet -red, the tissue blue. 

Reaction with lodin-green. — ^i. Stain fresh or hardened 
sections in a \ per cent, aqueous solution of iodin-green for 
twenty-four hours, 

2. Wash in water, 

3. Mount in water or glycerin. 

Amyloid, a violet-red; tissae^ green. StUIing claims that 
the reaction is surer than with methyl-violet. 

Reaction with Bismarck Brown and Gentian-violet 
{Birch -Hirachfeld).^ — I. Stain in a 2 per cent, alcoholic solu- 
tion of Bismarck brown five minutes. 

2. Wash in absolute alcohol 

3. Wash in distilled water ten minutes. 

4. Stain in a 2 per cent solution of gentian -violet five to 
ten minutes. 

5. Wash in dilute acetic-acid solution. 

6. Mount in levulose. 
Amyloid, red ; tissue, brown. 
Pigmentation.^The various pigments found in the 

human body under normal and pathological conditions may 
be divided into three groups : 

I, Hematogenous pigments, derived from the coloring 
matter of the blood, 

{a) Hemoglobin and mcthcmoghbin : soluble in water and 
alcohol not absolute; occur as yellowish to yellowish-brown 
granules and droplets; stain deeply with eosin after proper 
fixation; occur in hemoglobinuriap etc, 

(^) Parhcmoglobin : a form of hemoglobin; crystallizes 
like it, but is in^^oluble in alcohol 

if) Hematmdin—biimtbin: contains no iron; is insoluble 
in water, alcohol, and ether; dissolves in chloroform; oc- 
curs as yellow or brown amorphous material or as crys- 
talline rhombic plates and needles. Is found in extravasa- 
tions of blood 

(^/) Hemosiderin : occurs as bright-colored, yellowish- 
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brown and brown granules and masses ; gives iron reac- 
tion ; is insohible in water, alcohol, and ether ; is found 
in extravasations of blood, in the liver in pernicious 
anemia, etc. 

(r) Melanin : occurs as dark-brown or black granules and 
masses ; does not give iron reaction ; is found in malaria in 
the red blood-globules and in the tissues of the spleen, liver^ 
and brain, but not of the kings. 

(/) Bik-ptgment^bUirttbin^hemakndin : insoluble in water, 
ether, and alcohol; occurs as yellowish granules and masses 
which are often greenish if old ; is found in jaundice. 

2, Autochthonous pigments, formed by cells from color- 
less elements of nutrition. They all occur microscopically as 
Hghter or darker brown granules; arc insoluble in water, 
alcohol, dilute caustic potash, etc, and contain no iron, 
They are found in the iris, retina, skin, ganglion-cells, Addi- 
son*s disease, melanotic sarcomata, etc. 

3, Extraneous pigments, entering the body from with- 
out. The most common examples are carbon in anthra- 
cosis pulmonum, iron in siderosis pulmonum, silver in 
argyria. 

Pigments are recognized microscopically, partly by theif 
color and form, partly by their chemical reactions, and partly, 
though less accurately, by the lesions or pathological pro- 
cesses in connection with which they occur. They usually 
show best in contrast to red nuclear stains, such as alum or 
lithium carmine, but alum -hematoxylin often gives excellent 
results. 

The pigments of the second and third groups are perfectly 
preserved by all of the ordinary fixatives, of which alcohol, 
corrosive sublimate, and Zenker's fluid can be particularly 
recommended. Of the first group, melanin and hematoidin 
are preserved in any fixative. Hemoglobin and methcmo- 
globin must be fixed in the solutions recommended for red 
blood-globulcs^ — namely, Zenker's fluid, corrosive sublimate, 
and Mullet's fluid. Parhemoglobin and hemosiderin should 
be preserved in alcohol Bile^pigmcnt is turned green, accord- 
ing to Ziegler, by fixation in corrosive sublimate, and is 
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thereby rendered more prominent. In alcohol it preserves 

its, yellow colon 

Carbon may be distinguished from melanin or any of the 
other pigments by the fact that it \^ insoluble in concentrated 
sulphuric acid. The only pigment for which micro-chemical 
color reactions are generally employed is hemosiderin, which 
really represents a group of pigments containing iron instead 
of one definite compound. Most of them will show the iron 
reaction after a shorter or longer time, but others, like the 
hemoglobin from which they are all derived, refuse to give it 

The iron compounds present are usually ferric salts, but 
occasionally ferrous. Both groups react in the same way 
to sulphate of ammonium, but only the ferric salts react to 
ferrocyanide of potassium. For the ferrous salts, which oc- 
cur much more rarely, the ferricyanide of potassium must be 
used. Dr E, S. Wood suggests that a mixture of ferro- and 
ferricyanide of potassium be employed, so as to demonstrate 
at once both groups of iron compounds, as with the sulphate- 
of-ammonium method. In perfonning the iron reactions steel 
needles must be avoided. 

BeactionB for Iron in Hemosiderin, — Tissues should be 
hardened in alcohol L Reaction for ferric salts with ferro- 
cyanide of potassium and hydrochloric acid. 

A. I. Place sections for five to twent>' minutes or longer in 
a 2 per cent aqueous solution of ferrocyanide of potassium. 

2. Transfer to acid alcohol (HCl i ex, to 70 per cent al- 
cohol 100 c,c-) for fiv^e to ten minutes, or to glycerin plus \ 
per cent hydrochloric acid. The iron appears bright blue in 
color 

If desired, the sections can be washed out after the acid al- 
cohol, and passed through alcohol and oil to balsam. After 
the iron reaction has been performed the nuclei may be 
stained in either alum or Hthium carmine, or a little ferrocy* 
anide of potassium may be added to the lithium carmine, and 
the reaction and nuclear stain thus effected by the same step. 

B, //. Stkda's Method f0r Pemmnent Mounts with Nuclear 
Staifis. — t Stain several hours in Hthium carmine. 

2. Wash off quickly in water. 
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3. Place from four to six hours in a 2 per cent aqueous 
solution of ferrocyanide of potassium. 

4* Transfer to acid alcohol for six to twelve hours. 

5, Wash quickly in water. 

6. Alcohol, oil, Canada balsam. 

IK The reaction for the ferrous salts is performed in the 
same way as for ferric salts, with the exception that ferri- 
cyanide of potassium is used instead of the ferro- compound, 

III. Rcaciwns for Ferric and Ftrrous Salts. — A. Use a 
mbcture of ferro- and ferricyanide of potassium (i gram each 
to 100 ex. of water)^ followed by acid alcohoL Nuclear 
stains and permanent mounts may be made as above. 

B. t. Place sections in a freshly prepared solution of sul- 
phate of ammonium for five to twenty minutes, until they 
are dark or black-green in color, 

2. Wash quickly in w^aten 

3. Examine in glycerin or pass through alcohol and oil to 
Canada balsam. 

The iron appears in the form of black or dark-greenish 
granules. Sulphate of ammonium causes similar precipi- 
tates with other metal salts, such as the nitmtes of silver, 
}c:ii\, and mercury. 

Petrifaction. — Calcification, the more common form of 
petrifaction, is the term applied to the infiltration of tissues 
with phosphate and carbonate of lime. The salts appear 
nticroscopically as small, very refractive granules which may 
be mistaken for fat, or as large masses due to the fusion of 
granules. They are dissolved by hydrochloric or nitric acid 
(S per cent solution). If carbonate of Ume is present, bubbles 
of carbon-dioxid are set free. Phosphate of lime dissolves 
without effervescence. To differentiate between lime-salts 
and other substances soluble in hydrochloric acid use con- 
centrated sulphuric acid to form sulphate of lime (gypsumX 
which appears as fine, short, radiating needles. On dissolv- 
ing out the lime-salts a matrix of dead tissue or of hyaline 
material will usually be found left behind. As a rule, this 
hyaline material stains deep blue in alum-hematoxyhn or red 
in Van Gieson*s mixture. 
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Another form of petrifaction is that found in gout, due to 
the infiltration of certain tissues with uric-acid salts, of which 
urate of sodium is the most common. The cry^stals are sol- 
uble with difficulty in cold water, insoluble in alcohol and 
ether 




THE STAININQ OF BACTERIA IN TISSUES. 

Bacteria are demonstrated in sections of tissues almost 
entirely by means of the aniline dyes, of which three have 
thus far proven themselves to be particularly valuable — 
namely, methylene-blue, gentian -violet, and fuchsin. These 
dyes are employed in aqueous or dilute alcoholic solutions, 
of which the effective stainin^^ power is greatly hicreased by 
means of heat and by the addition to the solutions of certain 
chemical substances. 

The effect of moderate heat is obtained by placing the 
sections in the incubator for several hours, or greater heat 
for a short time is utilized by warming the staining solution 
on the slide over a small flame for a few seconds or minutes, 
keeping the fluid steaming^ but not allowing it to boil 

Of the various methods employed to increase the staining 
power of aniline dyes by means of chemical substances, the 
most successful have been the use of caustic potash with 
methylene-blue, of aniline oil with gentian-violet and fuchsin, 
and of carbolic acid with fuchsin and methytene-blue. 

For decolorizing sections after they have been stained the 
most commonly employed reagents are — 

1. Acetic acid in dilute aqueous solutions i ; lOO, I : tOOO. 

2. Alcohol 

3. lodin in iodid-of-potash solution (with certain dyes only). 

4. Mineral acids in various strengths. 

5. Chlorid of aniline. 

6. Acid aniline colors added to the alcohol to increase its 
extractive power. 

7. Aniline and ethereal oils. 

The choice of a decolorizer varies with the staining solu* 
tion employed and with the organism that is to be stained. 
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Sections which are to be stained for bacteria may be di- 
vided into two classes : 

1. Sections free from celloidin, subdivided into — 

a. Sections cut without an imbedding mass ; 

b. Paraffin sections; 

€. Sectjons from which the celloidin has been removed 

2. Sections infiltrated with celloidin, 

Celloidin imbedding is to some extent a drawback to the 
stains for certain organisms, because the celloidin tends to 
hold the color, so that the bacteria are not so distinct as they 
otherwise would be. Still, it is so important to be able to 
stain bacteria in celloidin sections that particular care is de- 
voted in the following pages to methods which obviate most 
of the difficulties. 

Paraffin sections should, as a rule, be attached to the slide 
by means of Mayer's glycerin-albumin mixture. 

It will usually be found advisable to attach celloidin sec- 
tions to the slide by means of ether-vapor. They will then 
keep perfectly flat in any staining solution, and may be heated 
without danger of wrinkling or contracting. The heat should 
never be applied directly under a section, but at one end of 
the slide. 

All bacteria yet known will stain when placed in appro- 
priate staining solutions. Some, however, are stained quickly, 
while others are stained with diflliculty ; some give op the 
stain readily to decotorizers, white others retain it tenaci- 
ously. In consequence of their reactions to certain dyes and 
to certain decolorizers* bacteria, from the point of view of 
staining, may be divided into three groups : 

1, Bacteria which do not stain by Gram; 

2, Bacteria which stain by Gram; 

3, Bacteria which stain by the tubercle bacillus method 
Two at least of the organisms in the third group will also 

stain by Gram, The organisms of the second and third 
groups are much more easily demonstrated in tissues than 
those in the first group, because it is possible to stain them 
of one color and the nuclei of the cells of another color. In 
other words, it is possible to stain them so that they arc 
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differentiated from the tissue in which they lie, and hence 
stand out prominently. 

The organisms of the first group have no differential stain ; 
they take the same color as the nuclei of the tissue. More- 
over, although they stain easily, most of them do not stain 
deeply, and readily part with the color they have taken up. 

Pathoerenio Bacteria whioh do not Stain by Oram. 

(See also page 94). 

Gonococcus ; 

Diplococcus intracellularis meningitidis ; 

Typhoid bacillus; 

Bacillus coli communis ; 

Glanders bacillus ; 

Bacillus of malignant edema ; 

Influenza bacillus ; 

Bacillus pyocyaneus ; 

Bacillus mucosus capsulatus ; 

Colon bacillus ; 

Spirillum of Asiatic cholera. 
Of these organisms certain ones deserve special mention 
on account of their frequent occurrence or on account of the 
difficulty of demonstrating them in tissues, and certain varia- 
tions in staining methods which have proved serviceable will 
be given. Loffler's methylene-blue solution is generally 
considered the most useful stain for this class of bacteria, 
but excellent results can also be obtained with Unna*s alka- 
line methylene blue solution preceded by eosin, especially 
after fixation in Zenker's fluid. 

Loffler's Methylene-blue Solution. — i. Stain paraffin 
sections twenty minutes to twenty-four hours. 

2. Wash in weak acetic acid, i : 1000, for ten to twenty 
seconds. 

3. Absolute alcohol, two or three changes, to differentiate 
and dehydrate (as a rule, only a few seconds are required for 
this step). 

4. Xylol. 

5. Xylol balsam. 
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For celloidiit in sections use 95 per cent, alcohol ; blot, 
and treat with xylol ; repeat until sections are clear; mount 
in xylol balsam. 

This solution of methylene-blue is extremely useful^ be- 
cause it will stain all bacteria except the tubercle-bacillus 
group. Other solutions which may be used in the same way 
are — aniltne-gentian-violet, Stirling*s solution of gentian- 
violet, simple aqueous solutions of gentian- or methyl-violet, 
and Ziehl's carbol-fuchsin. 

Gonococcti8. — L6ffler*s solution gives good results. 

Touton recommends staining sections in carbol-fuchstn and 
washing out in alcohol. 

Typhoid Bacillas,— Typhoid bacilli in stained sections 
are generally best hunted for with a low power The cha- 
racteristic colonies which they form are easily recognized. 
Good results in staining can be obtained with Loffler's 
methylene-blue solution used in the manner already de- 
scribed, but the stain is never very intense. For rendering 
the bacilli rather more prominent, so that small groups of 
them may be recognized, Flexner has recently advised the 
two following methods : 

A, — I. Stain paraffin sections in Loffler's methy!ene-blue 
solution for two hours. 

2, Acetic-acid solution, i : 1000, for several minutes. 

3* Dehydrate in absolute alcohol 

4. Oil of cloves to clear and differentiate. 

5. Xylol, several changes. 

6. Xylol balsam. 

B. — I, Stain sections in Stirling's gentian-violet solution 
for ten minutes. 

2. Acetic-acid solution » 1 : looo, for some minutes. 

3. Dehydrate quickly in 95 per cent alcohol. 

4. Transfer to slide, blot, add oil of cloves to clear, and 
differentiate. Change the oil several times until the desired 
diBerentiation is obLiined. 

5. Wash off section several limes with xylol 
6- Xylol balsam 

Influenza Bacillns,— 1. Harden in alcohol. 
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2. Stain half an hour or more in carbol-fuchsin diluted 
with 20 parts of water. 

3. Wash out in a watch-glass of water to which is added 
a drop of glacial acetic acid until the section appears gray- 
violet in color. 

4. Alcohpl, xylol, balsam. 

Glanders Bacillus. — The bacilli are usually not numer- 
ous, and are scattered about in a mass of deeply-staining 
fragmented nuclei, so that they are recognized with great 
difficulty. 

Loffler's Method for Sections. — i. Stain paraffin sections 
twenty minutes in Loffler's methylene-blue solution or in 
equal parts of aniline-gentian-violet and i : io,CXX) KOH 
solution. 

2. Place for five seconds in the following solution : 

Distilled water, 10 c.c. ; 

Concentrated sulphuric acid, 2 drops ; 

5 per cent, oxalic acid, i drop. 

3. Wash out quickly in distilled water. 

4. Absolute alcohol. 

5. Xylol. 

6. Xylol balsam. 

It is recommended to place the section for a few minutes 
before staining in the i : 10,000 caustic-potash solution. 

Schiitz's Method. — i. Stain twenty-four hours in equal 
parts of concentrated alcoholic solution of methylene-blue 
and caustic potash, i : 10,000. 

2. Wash in acidified water. 

3. 50 per cent, alcohol for five minutes. 

4. Absolute alcohol for five minutes. 

5. Xylol. 

6. Canada balsam. 

Noniewicz's Method. — i. Stain in Loffler's methylene- 
blue solution two to five minutes. 

2. Wash in water. 

3. Decolorize one to five seconds in 

\ per cent, acetic acid, 75 parts ; 

\ per cent, aqueous solution of tropeolin, 25 " 



mSTOLOGICAL METHODS. 



383 



4, Wash in water. 

5. Dehydrate section on slide with filter-paper; then in 
the air; finally, over small flame. 

6, Clear by dropping xylol on it repeatedly, 

7. Xylol balsam. 

PriedlMnder^s Capsule-bacilltis*— The following meth- 
od is rL:commended for staining the capsules in sections : 

r Stain for twenty-four hours in the incubator in the fol- 
lowing solution : 

Concentrated alcoholic solution of gentian -violet, 50; 
Distilled water, too ; 

Glacial acetic acid, 10, 

2. Wash out in a 1 per cent solution of acetic acid. 
5. Alcohol 

4 Oil 

5. Canada balsam. 

If the process of decolorization is stopped at the right 
moment, the capsules will be pale blue, while the bacilU 
will be stained deep blue. 

Pathogenic Bacteria which Stain by Oram. 

Micrococcus lanceolatus ; 

Streptococcus pyogenes; 

Staphylococcus pyogenes aureus, albus, citreus, and flavus ; 

Micrococcus tetrdgenus ; 

Anthrax bacillus; 

Bacillus of rhinoscleroma; 

Diphtheria bacillus ; 

Tetanus ; 

Bacillus aerogenes capsulatus; 

Actinomyces; 

Tubercle bacillus; \ 

Leprosy bacillus. J 

These organisms, with the exception of the tubercle- 
bacillus group, arc all readily stained by the general methods 
employed for staining under Group 1. For staining most 
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of them in sections, however, the differential Gram-Weigert 
method will be found to give the most satisfactory results. 

The Ghram Staininfir Method. — Directions for staining 
paraffin sections: i. Stain in aniline-gentian-violet five to 
twenty minutes. 

2. Wash in normal salt solution or water. 

3. lodin solution (1:2: 300) one minute. 

4. Wash in water. 

5. Absolute alcohol, several changes, until no more color 
is given off and the section is apparently decolorized. 

6. Xylol. 

7. Xylol balsam. 

This method is not suited for celloidin sections, because 
the alcohol does not decolorize the celloidin sufficiently. In 
fact, it is better to reserve Gram's method for cover-slip 
work alone, and to use instead of it, for sections of all kinds, 
Weigert's modification. This consists simply in the use of 
aniline oil instead of alcohol as a decolorizer. The method 
is easily acquired, is perfectly adapted to celloidin sections, 
and the results are more perfect than after Gram. 

The Ghram-Weigrert Staininfir Method. — Directions for 
staining celloidin sections: i. Stain sections with lithium 
carmine in the ordinary way (see page 269). 

2. After dehydrating in 95 per cent, alcohol stick the sec- 
tion to the slide with ether-vapor. 

3. Stain in aniline-gentian-violet five to twenty minutes. 

4. Wash off excess of stain in normal salt solution. 

5. lodin solution (1:2: 100) one minute. 

6. Wash off in water. 

7. Blot section with filter-paper to remove as much of the 
moisture as possible. 

8. Aniline oil, several changes, to dehydrate and to re- 
move all excess of color. 

9. Xylol, several changes to remove the aniline oil com- 
pletely. 

10. Xylol balsam. 

Bacillus of Rhinoscleroma.— Method of staining cap- 
sules in sections of tissues hardened in alcohol (Wolko- 



UlSTOLOGICAL METHODS. 



iH 




witsch) : I. Stain twent>'-four to fort>'-eight hours in aniline- 
gentian-violet. 

2. Wash off in water. 

3. lodin solution one to four minutes. 

4. Absolute alcohol. 

5. Oil of doves, which removes still more of the color, 

6. Xylol. 

7. Canada balsam. 

According to Wolkowitsch, the hyaline masses in rhino- 
scleroma stain intensely with methyl-violet, gentian-violet, 
methylcne*blue. and fuchsin ; less with safranin, and not at 
all with hematoxylin. Eosin stains them w^ell. Double 
staining with hematoxylin and eosin is therefore to be 
recommended highly. 

Actinomyces,— In staining the actinomyces it is im- 
portant to -Stain not only the filaments and other forms of 
the organism, but also the hyaline swollen sheaths which 
surround the ends of the filaments. Eosin followed by 
methylene*blue sometimes gives good results. Good prepa- 
rations can also be obtained by staining in alum hematox- 
ylin» followed by a strong solution of eosin ; place the sec- 
tions for five to thirty seconds in acid alcohol, and then 
wash thoroughly m water before dehydrating in alcohol. 
It is believed that the two following methods will give better 
results than can be obtained by any of the methods pre* 
viously published for this purpose. The first is, perhaps^ 
the better and surer, although the clubs are sometimes 
brought out more intensely by the second method 

Method No. 1 {MaHon*). — k Stain sections deeply in a 
saturated aqueous solution of eosin for at least ten minutes. 

2. Wash off in water. 

3* Stain in anilinc-gcntian-violct two to five minutes, 

4. Wash off with normal salt solution. 

5* lodin solution (1:2: too) one minute. 

6* Water Blot w^ith filter-paper. 

7, Aniline oil till section is clear 

8, Xylol, several changes, 

9, Xylol balsam. 
s> 



386 PATHOLOGICAL TECHNIQUE, 

A light preliminary stain with alum-cochineal will often be 
found useful. 

Method No. 2 {Mallory), — i. Stain lightly in alum-coch- 
ineal three to five minutes. 

2. Wash in water. 

3. Dehydrate in 95 per cent, alcohol. 

4. Fasten section to slide with ether-vapor. 

5. Aniline-gentian-violet five to twenty minutes. 

6. Wash off with water. 

7. Dry with filter-paper. 

8. Aniline saturated with fuchsin one to three minutes. 

9. Wash out the fuchsin with pure aniline until the clubs 
are sharply differentiated : watch the process under the low 
power of the microscope. 

10. Xylol, several changes. 

11. Xylol balsam. 

The polymorphous bacterium is stained blue, the swollen 
membrane (the club), light to dark pink. Alum-cochineal 
furnishes a better contrast to the actinomyces than either 
alum-carmine or alum-hematoxylin. By these methods it is 
possible to demonstrate in sections containing young colonies 
the ends of the threads stained blue surrounded by the 
swollen cell-membrane stained pink. 

Bacteria that Stain by the Tubercle Bacillus Method. 

Tubercle bacillus ; 

Leprosy bacillus ; 

Smegma bacillus ; 

Syphilis bacillus. 
The important point about staining tubercle bacilli is to 
stain them deeply enough in the beginning ; then there is 
little danger of their fading in the subsequent steps of con- 
trast-staining. It is probable that carbol-fuchsin, used hot, 
is the most powerful stain we have for this purpose. If the 
solution is steamed, generally on the slide, one to five min- 
utes are probably sufficient for all purposes. Tubercle bacilli 
stain well, not only after alcohol, but also after most of the 
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other fixing reagents, such as corrosive subhmate, Zenker's 
fluid, Flemming s solution, etc. 

Ehrlich's Method, — i. Stain paraffin sections in aniline- 
fuchsin or gentian-violet for half an hour to twenty-four 
hours, or for one to five minutes if solution is heated to 
steaming* 

2. Wash in water. 

3. Decolorize in 20 per cent nitric acid one-half to one 
minute, 

4. Wash in 70 per cent alcohol until no more color is 
given off 

5. Contrast-stain in a saturated aqueous solution of meth* 
ylene-blue or of Bismarck brown one to two minutes. 

6. Wash in water, 

7. Dehydrate in absolute alcohol 

8. Xylol, xylol balsam. 

ZiehI-Neelson-0abb6t Method. — i, Stain paraffin sec- 
tions in carbol-fuchsin solution, warming the solution so that 
it steams one to three minutes. 

2. Wash in water. 

3. Decolorize and stain for contrast in sulphurie-acid- 
mcthylene-blue solution one minute (see page 271). 

4. Wash in water. . 

5. Absolute alcohol, 

6. Xylol 

7. Xylol balsam. 

This method is not suited to celloidin sections, because 
the celloidin retains too deep a blue stain, 

Kiihne'd Mathod. — i. Stain paraffin sections lightly in 
alum-hematoxylin. 

2. Wa'-^h in water. 

3. Stain in carbol-fuchsin one to five minutes if wanned ; 
longer if cold 

4. Wasli in water, 

5. Aniline hydrochlorate, 2 per cent aqueous solution, fif- 
teen seconds. 

6. Wash in water. 

7. Absolute alcohol 



388 PATHOLOGICAL TECHNIQUE, 

8. Xylol. 

9. Xylol balsam. 

To Stckin Tubercle Bcu^illi in Celloidin SectionB. — i. 
Stain rather lightly in alum-hematoxylin. 

2. Wash in water. 

3. Dehydrate in 95 per cent, alcohol. 

4. Attach sections to slide by the ether-vapor method. 

5. Carbol-fuchsin two to five minutes steaming. 

6. Water. 

7. Orth's discharging fluid (acid alcohol) one-half to one 
minute. 

8. Wash thoroughly in several changes of water to re- 
move acid completely and to bring back blue color to nuclei. 

9. Alcohol 95 per cent, until fuchsin is entirely discharged. 

10. Aniline followed by xylol; or blot and treat with 
xylol. 

11. Xylol balsam. 

The advantages of this method are — that the celloidin is 
colorless : the nuclei are stained blue ; the rest of the tissue' 
is colorless ; the tubercle bacilli stand out in sharp contrast 
It is sometimes an advantage to bring out the cell-proto- 
plasm and the intercellular substance by staining the sec- 
tions, after decolorization in alcohol, in an aqueous solution 
of orange G or methyl-orange for a few seconds. 

The bacillus of leprosy stains more easily than the 
tubercle bacillus. Simple aqueous solutions of the aniline 
dyes are sufficient. The same methods can be employed as 
for tubercle bacilli. A method recommended by Flexner 
will be found very useful. 

1. Stain in alum hematoxylin so as to get a sharp nuclear 
stain. 

2. Wash in water. 

3. Carbol-fuchsin two to five minutes steaming, or thirty 
to sixty minutes cold. 

4. Water. 

5. Treat on the slide with iodin solution one-half to one 
minute. 

6. Water. 
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7. Blot ; clear and differentiate in aniline oil. 

8. Xylol ; balsam. 

Baumgarten gives the following diflerential stain for 
leprosy bacilli : 

1. Stain six to seven minutes in a dilute solution of fuch* 
sin (5 drops of a concentrated alcoholic solution to a watch- 
glass of water). 

2. Discharge one-quarter minute in nitric-acid alcohol 
(nitric acid i, alcohol 10), 

3. Wash in water. 

4. Contrast-stain in a saturated aqueous solution of meth- 
ylene-blue. 

5. Alcohol 

6. Xylol 

7. Balsam. 

While leprosy bacilli stain readily by this method, tubercle 
bacilli will not stain in so short a time. 

Syphilis BacUlus.— Lusterarten's Method.— i. Stain 
twenty-four hours at room-temperature and two hours in the 
thermostat at 40*^ in aniline-gentian- violet 

2. Wash off in absolute alcohol three to five minutes. 

3. Decolorize {a) in a J per cent, aqueous solution of per- 
manganate of potassium, and then {if) a few seconds in an 
aqueous solution of pure sulphurous acid (strength not 
given). 

4. Wash in water* 

5. Alcohol 

6* Oil of cloves, 

7. Canada balsam. 

If the section is not entirely decolorized when the section 
is put into water, then the third step must be repeated until 
decolorization is complete. If desired, the sections can be 
stained in safranin after the fourth step* 

Giacoiid*3 Method. — 1. Stain sevxral minutes in hot ani- 
line-fuchsin, 

2. Wash out in very dilute aqueous solution of chlorid of 
iron» 
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3. Decolorize in concentrated solution of chlorid of iron. 

4. Wash out in absolute alcohoh 

5. Xylol 

6. Xylol balsam. 

The smegma bacilltis is stained by Lustra rten's method, 
but not by the methods ^iven for tubercle bacilli in tissues, 
because in all of them alcohol is used as well as an acid to 
effect the decolorization. 



METHODS OF EXAMINATION OF ANIMAL PARASITES. 

Protozoa.— Of the rhizopoda, the malarial organisms and 
the ameba coli are of much pathological interest 

Malarial Organiem©. — Three varieties of the plasmodium 
malariic have been described — namely, the tertian, quartan, 
and estivo-autumnal parasites. They develop within the red 
corpuscles and cause the destruction of the corpuscles af- 
fected The earliest forms of the parasite appear in the 
blood during the latter part of the malarial paroxysm or 
shortly after it. At this time they appear as small, color- 
less, disc-shaped hyaline bodies which occupy but a small 
portion of the blood-corpuscles. They possess a var>nng 
degree of ameboid movement, the amount depending upon 
the type of the organism. These ameboid movements are 
best observed on the warm stage. During the process of 
development the parasites increase in size and more or less 
completely fill the red corpuscles containing them. Small 
particles of reddish-brown pigment are produced, during 
their growth, from the hemoglobin of the corpuscles in 
which the organisms are developing. These granules show 
varying degrees of motion, probably imparted to them by 
the movements of the parasites. At first the pigment ap- 
pears to be scattered about in the corpuscle, but it is in real- 
ity in the extremities of the pseudopodia. Later it appears 
more evenly spread about in the periphery* Toward the 
end of the cycle of development the pigment collects in the 
center of the parasite ; at this time the ameboid movements 
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have ceased* indications of segmentation occur, and the 
parasite nearly or c6mpletely fills the coqDUscle. Oftentimes 
at this stage only a small portion of the corpuscle is visible 
at some point on the edge of the parasite. 

The beginning of segmentation is indicated by a number 
of radial lines extending from the periphery of the parasite 
toward the central clump of pigment Segmentation takes 
place, and the pigment is surrounded by a number of dis- 
tinct segments which var>^ with the type of the organism. 
Each of these segments shows a central refractive spot 




FliJ* 112. — Two 5*iiges in the process of srgTncnliition of n tertiaii malarial 
parasite In a red blood- corpuaclc. Preparation of fresh blood, not slaJned 
(Wright and Brown), 

which probably is the nucleus. At this time one notices 
small hyaline bodies, like those of the early stage in the de- 
velopment of the parasite, in some of the red bloodncor- 
suscles. Oftentimes such a regular process of segmentation 
not observed, but enough has been said to indicate the 
fnanner in which reproduction occurs. Segmentation is the 
indication of an approach of a paroxysm. Extra-cellular 
forms of the parasites are not infrequently seen. They may 
be fully-grown organisms which have destroyed the cor- 
puscles that contained them, or they may be partly-grown 
organisms which have left the corpuscles* These free para- 
sites are indistinct in outline and contaiii pigment. They 
possess ameboid movements, and may be considerably larger 
than a red blood-corpuscle. Various changes arc observed 
in them : 
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1. They may increase in size until they become nearly as 
large as polymorphonuclear leucocytes. With the increase 
in size there is a gradual cessation in the movement of the 
pigment-granules until finally the organisms present the ap- 
pearance of misshapen masses of protoplasm containing 
motionless pigment-granules. 

2. They may undergo fragmentation and give off several 
small circular pigmented bodies. 

3. Vacuolization may occur. 

4. Flagellate forms may develop. One or more thread- 
like processes are thrust out from the organisms. These 
flagella may contain pigment, and may break away from the 
organism and move about among the corpuscles, looking not 
unlike the spirilla of relapsing fever. 

The three varieties of parasites differ from each other in 
a number of ways. The chief differences are the length of 
the cycle of development ; the size of the full-grown organ- 
isms ; the difference in the refractibility of the organisms ; 
the quantity, size, and color of the pigment-granules ; the 
degree of ameboid movement ; and the number and shape 
of the segments into which the full-grown organisms divide. 
In the earliest stage the varieties of organisms cannot be dis- 
tinguished from each other. 

The tertian parasite completes its cycle of development in 
about forty-eight hours. When it has attained its fullest 
growth it almost fills the corpuscle, which has become 
larger than normal. This organism is less refractive than 
either of the other two. The pigment-granules are more 
numerous, finer, and more reddish-brown in color ; the ame- 
boid movements arc much more active ; the segments are 
more irregular in shape and more numerous than those of the 
quartan parasite, var}'ing from twelve to twenty in number. 

The quartan appears to complete its cycle of development 
in from sixty-four to seventy-two hours. The full-grown 
organism does not fill completely the corpuscle, and the latter 
is not increased in size. The organism is more refractive 
than the tertian parasite. The pigment-granules are fewer 
in number, coarser, and have a darker-red color. The ame- 
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boid movements are slower ; the segments are pear-shaped, 
more symmetrical, and less numerous than those of the ter- 
tian parasite, var>ang from six to twelve in number. Seg- 
menting organisms are more numerous in the peripheral 
circulation than in the case of the tertian parasite. 

The estivo-autumnal parasite cannot be studied so thor- 
oughly in the peripheral circulation, because the later develop- 
ment and segmentation take place in the internal organs. The 
length of time required to complete its c>xle of development 
is not so definitely settled. It appears to require from twelve 
to twenty-four hours, more or less* The full-grown organ- 
ism is smaller than the tertian parasite, and the corpuscle 
which contains it is often smaller than normal and more or 
less distorted. The parasite is quite refractive. The pig- 
ment-granules are few in number and coarse. The ameboid 
movements are slow. After the duration of fever for from 
five days to a week or more, elongated, ovoid, or crescent- 
shaped bodies make their appearance. They are sometimes 
as large or larger than a red corpuscle. These bodies are 
not a result of segmentation, but appear to be a further de- 
velopment of the round hyaline bodies. They are highly 
refractive and contain granules of coarse pigment in the 
center. They lie usually at one side of the red corpuscles, 
the latter more or less completely filling the concavity be- 
tween the two horns of the crescent. They may lie in the 
center of the corpuscles. Some of the apimrently'^ free ovoid 
bodies are turned in such a way as to present a convex sur- 
face toward the observer. 

Double infections occur quite frequently in both tertian 
and quartan fever, and in the latter not infrequently triple 
infections occur. In the double infections two groups of 
jmrasites reach maturity on successive days and cause daily 
febrile paroxysms. In the triple infection of quartan fever 
three groups of organisms mature on successive days and 
cause corresponding paroxj'sms. 

Mi'th^ds of Examining t!u Blood for Maiariai Organisms, 
— The organisms of malaria can be detected in fresh speci- 
mens of blood or In specimens of blood which have been 



394 



PATHOLOGICAL TECHNIQUE. 



fixed and stained. The examination of fresh specimens of 
blood is simpler and more reliable, because the development 
of the parasites can be observed. 

The method employed in making cover-glass preparations 
of the blood has been thoroughly described (see preparation 
of cover-glass specimens in the Kxaniiiiation of the Blood, 

page343> 

In examining a fresh specimen of the blood for the malarial 

organisms a glass slide is substituted for one of the cover- 
glasses, and the cover-glass which has the drop of blood on 
its surface is dropped lightly upon the glass slide and allowed 
to remain there. The first four or five drops of blood 
should be quickly wiped away from the ear until a very 
small drop is obtained. Great care must be exercised to 
touch only the tip of the drop with the cover-glass, so as to 
avoid smearing the blood. If the blood is smeared on the 
cover*g lass,. the edges of the blood-drop will dry before the 
cover-glass can be transferred to the slide, and the blood will 
not spread. It is necessary that the blood should spread in 
a thin layer in order to study satisfactorily the individual 
corpuscles. If one desires to study the preparation for 
several hours, the edges of the cover-glass can be sur- 
rounded by melted paraffin or vaselin to exclude the air. 
The examination should be made with an oil-immersion lens. 
It should be remembered that the action of cold inhibits the 
ameboid movements of the parasites ; it may be necessary, 
therefore, at times to warm the slide before examining the 
specimen. Evaporation not infrequently occurs, caused by 
the air penetrating beneath the cover-glass. This produces 
changes in many of the corpuscles which may be mistaken 
for hyaline bodies : the central depression becomes paler and 
less refractive than the periphery of the corpuscles ; later a 
number of corpuscles contain small glistening points, and 
still later the corpuscles become crenated. 

The method of procuring permanent cover-glass prepara- 
tions is the same as that elsewhere descnbed (see Cover- 
glass Preparations, page 343). Specimens may be fixed by 
heating or by a mixture of absolute alcohol and ether, equal 
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parts. Numerous methods of staining have been employed 
The fQllowing methods are simple and satisfactory: The 
fixed cover-glass preparation is stained from one to two 
minutes in a concentrated aqueous solution of methylene- 
blue. The staining solution should be filtered before using. 
The specimen is thoroughly washed in water, dried, and 
mounted in Canada balsam. This stains the organisms and 
the nuclei of the white corpuscles blue. The red corpuscles 
are unstained. 

A good contrast-stain can be obtained with eosin and 
methylene-blue. The fixed specimens are stained for from 
thirty seconds to five minutes in a J per cent solution of 
eosin in 60 per cent alcohol, washed in water, dried, and 
placed for from thirty seconds to one minute in a concen- 
trated aqueous solution of methylene-blue, washed, dried, 
and mounted in Canada balsam. The red corpuscles are 
stained a bright red by the eosin, and the organisms and the 
nuclei of the white corpuscles are stained blue. 

Excellent results are obtained by Roman owsky's method. 
This method is as follows 1 A saturated aqueous solution 
of methylene-blue and a i per cent, aqueous solution of 
eosin are kept separately. The older the methylene-blue 
solution the better the results. The specimen is then heated 
not less than thirty minutes at a temperature of from 105^* 
to 110° C, The staining mixture is made just before it is 
to be used. To i part of the filtered methylene-blue solu- 
tion are added about 2 parts of the eosin solution. This 
mixture is carefully stirred with a glass rod, but not filtered, 
and poured into a watch-glass. The cover-glass prepara- 
tions are allowed to float upon the top of the fluid with the 
blood surface down. The specimens are covered by another 
inverted glass, and the whole by an inverted c>^linder which 
is moistened upon the inside. Good specimens arc obtained 
in from one- half to three hours, Roman ows ky believes 
that he obtains thus three colors: the red corpuscles stained 
red by the eosin, the malarial parasites a Prussian blue by 
the methylene-blue, and the nuclear chromatin a violet color 
(a neutral stain). Thayer and Hewitson claim to have ob* 
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tained their best results by means of a slight modification of 
Romanowsky's method. The modification consists in fixing 
the specimens in absolute alcohol for from ten to twenty 
minutes instead of employing heat. 

In the fixed and stained specimens there is always a possi- 
bility of mistaking small particles of methylene-blue, which 
have passed through the filter-paper, for malarial organisms. 
Sometimes these particles lie on the red corpuscles, and it is 
difficult to determine whether they are inside of the cor- 
puscles or lying on the surface. 

Note. — The description of the development of the parasites is abstracted 
from Thayer and Hewitsou's The Malarial Fevers of Baltimore. 

Futcher's Method for Stainingr Malcuial Parasites. — 
Make cover-glass preparations from the blood (as described 
on page 343); let dry in the air and fix in a J^ per cent, 
solution of formaldehyde in 95 per cent, alcohol. This solu- 
tion must be freshly prepared. A convenient way to make 
it is to add four or five drops of a 10 per cent, aqueous solu- 
tion of formaldehyde to 10 c.c. of 95 per cent, alcohol just 
before use. For staining, a solution of thionin is used. This 
solution is made as follows : 

Sat. solution thionin in 50 per cent, alcohol, 20 c.c. ; 
2 percent, aqueous solution of carbolic acid, 100 c.c. 

This mixture improves with age. The details of the 
method are as follows : 

1. Fix in the formalin solution one minute. 

2. Wash in water. 

3. Dry thoroughly with filter-paper. 

4. Stain in thionin solution ten to fifteen seconds. 

5. Wash in water, dry, and mount in balsam. 

The parasites are stained reddish-violet by this method. 
It is especially good for the ring-shaped bodies of the 
aestivo-autumnal infection. 

Ameba Coli. — In cases of dysentery suspected of being 
due to the ameba coli (Fig. 1 13) the stools are best examined 
as soon as voided, although the amebae will sometimes re- 
main active in stools even over twenty-four hours old. A 
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warm stage during the examination is an advantage^ but not 
a necessity. A drop of the fluid material, preferably that 
containing mucus or blood, is placed on a slide and lightly 
covered with a cover-glass. If the slide is cold and the or- 
ganisms do not move, warm the slide gently and the move- 
ments of the amebar will often start up. Pus from abscesses 
due to the ameba^ is examined in the same way. A positive 
diagnosis rests on the presence of the characteristic large, 
pale cells, consisting of nucleus, granular endosarc, and 
hyaline ectosarc, and on the movements of the protoplasm, 
which projects itself more or less actively in the form of 
pseudopodia. 

In hardened preparations the nuclei of the ameb^ do not 
stain with the ordinary nuclear stains, such as aium-hema- 
toxylin and methyiene-blue. The following method of stain- 




riG, iij.^Anieb«e coli m intesimid mucus (ftfler LSsch). 

ing them has been found to gi\^e very satisfactory^ results 
and to render the recognition of the organisms easy : 

DifftTcniuji Situn far (he Affuba Ci>ii {Maiiory). — ^i. Harden 
in alcohol 

2. Stain sections in a saturated aqueous solution of thionin 
three to five minutes. 

3. Diflferentiate in a 2 per cent aqueous solution of exalte 
acid for one-half to one minute* 

4. Wash in water* 

5. Dehydrate in absolute alcohol 
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6. Clear in xylol 
7* Xylol balsam. 

The nuclei of the ameb^ and the granules of the mast- 
zellen are stained brownish red ; the nuclei of the mastzellen 

and of all other cells are stained blue. 

Excellent results were obtained by this method with bits 
of the purulent discharge from a so-called amebic abscess 
of the liver After hardening in 95 per cent alcohol, small 
fragments the size of a pin-head and less were stained as 
above directed, and teased apart after they were in the 
balsam. The reddish nuclei stood out so sharply in the 
bluish background of fragmented nuclei and granular de- 
tritus that they were easily picked out wilh the high dry 
power. 

The results obtained with feces examined in the same way 
or after imbedding in celloidin were much less satisfactory, 
for the reason that various substances in the feces precipitate 
the thionin in the form of reddish cry-^stals and give rise to 
deceptive pictures. A similar dififerential stain can be ob- 
tained by Unna*s method for staining the granules of mast* 
zellen (see page 303). 

Other protozoa, such as the cercomonas and trichomonas, 
are best examined in fresh preparations. 

Sporo^oa* — The coccidium ovi forme should be examined 

both fresh in cover-slip prep- 
arations and in sections after 
hardening. The cyst-forms 
often stain well by the tuber- 
cle-bacillus method. For 
studying all the stages in the 
development of the organism 
Pianese recommends highly 
his special fixing reagent and 
stains (see p. 249). Other sporozoa should be studied 
in the same manner. Cover-slip preparations are often 
useful, 

Round-wonns. — The embryos of the Jiiaria sangimns 
kontifus iVig. 114) are examined for in suspected cases by 




Fig* 114.— -ninria snnguinis homin! 
(^fter von Jftksds), 
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mounting a drop of the fresh blood or of the chylous or 
bloody urine on the slide and examining under a low power 
They are readily detected when present on account of their 
very active mo%'ements. Six species have been described, 
but the filaria nocturna is the only one that is known to be 
pathogenic. The blood should be examined during the 
resting hours of the patient, as at night for day -workers and 
during the day for night-workers* Permanent specimens 
can be made by fixing ordinarx^ cover-slip preparatiDns of 
the blood or chylous floid by heat or by the use of a 
saturated solutiori of corrosive sublimate, and staining for 
a few seconds with I^ffler's methylene-blue or with a 2 per 
cent, aqueous solution of thionin. 





Fig, 115,— Living embryos 
(MelWn. 



Fig. it6, — Rncap¥u1nt<^ inchma 



Tricliitiae (Figs. 115, n6) are obUined from the fresh 
muscle by means of teasmg. A quick method is to squeeze 
small bits of tissue between two slides and examine with a 
low power. Pieces of muscle nearest the insertion of the 
tendon arc chosen from the diaphragm or from the muscles 
of the jaws. Encapsulated and calcified trichina: arc cleaned 
up by means of acids. 

In hardened tissues the trichitiaj arc best studied in longi- 
tudinal sections of the muscle*fiJ>crs. 

The other round-worms which sometimes occur in the 
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intestinal tract can be recognized with the naked eye. Their 
eggs mu.st be looked for with the microscope. 

Tape-worms. — It is not always easy to recognize the 






A Li L 

Fig. 117. — T^iila solium: A, head etitarged; /?, ripe]oini» x 6; C egg- of laenia 
solium IHcllerJ. 

kind of tape-worm by a single segment passed with the feces, 
because the uterus, which furnishes the most characteristic 
points of difference, is not developed in the young segments 





• 




A B € 

Fig. ti3. — Taenia tnedic^cattellata : A, licad tiarkly pigmented ; B. ripe joint, x 6; 
C egg of inenisi tnediocanellata. 

and is atrophied in the old ones. When the w hole worm is 
obtained the problem is much simpler. The uterus is best 
made out by squeezing a segment between two slides and 
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hoiding it up to the light The heads are examined under 
the microscope in water, salt solution, or glycerin. 

Tiinia Solium (Fig. 1 ij). — Head has four sucktrs and a 
drcle of hooklets; uterus is noticeably but little branched. 
The genital tract opens laterally. The eggs develop into the 




"^ 
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Fig. 119.— ^KchiDococcus: soUces, bookf f Heller). 

cysticcrci cellulose, which are not infrequently found in man. 
The scolex is obtained for examination by tearing open the 

cyst and examining the inner wall. The suckers and hook- 
lets are best studied after mounting fresh and pressing under 
a cover-glass. 

Taenia Mediocanellata s. Saginata (Fig. 118). — Head 




Pic. ISO— Bothrioccphalus tattiA ; A. bead ; B. ripe joint. X 6; C egg of bolhrio- 
cephalus Tat^i (He(ler) ; D, egg with developed embryo (l-ruck*ft). 

has four strong suckers, but no booklets; uterus is very 
much branched, segments show marked muscular develop- 
ment. The genital tract opens laterally. The eggs develop 
into rvsfirrrn, which do not occur in man, 

Teenia Eehinococcufl (Fig, 119) occurs in dogs. The 

2fl 
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echinococcus cysts which occur in man are recognized by 
tiie very characteristic laminated structure of the cyst* wall. 




saginatfl (after Stein). 



Fig, laa ."Segments Fif;. ia3,^^egnienis 
of boihriocephaluslatus of tsenla solium (after 
(afierStein). Stein), 



The heads of the scolices have four suckers and a double 
circle of booklets. 

Bothriocephalue Latus ( Fig* 1 20). — The opening of the 




Fig. i24.^CompaTat(ve si 2* of eggs of intestinal parasites : it» ta?tiiii solium ; 
i, t^nja mediociinellata: £, a.scari£ lumbdcoides ; d, trichocephalus dispar; f, oxy- 
tiris vermicular is (aftL-r Siriim|M?H u 

genital tract lies in the median line. The head is flattened, 
and has two small suckers situated at the sides* 
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CLINICAL PATHOLOGY. 

The material received at the pathological laboratorj^ from 
clinical cases con*^ists largely of new growths and lesions 
produced by infectious, chemical, or traumatic agents — to a 
less extent of fluids from various natural or artificial cavities 
or secretions and eliminations from the respirator>v genito- 
urinary, and gastro-intestinal tracts. In the following pages 
a brief synopsis is given of what may be expected in the 
various fluids and eliminations, and the more important 
chemical tests required for the recognition of certain sub- 
stances are added. 

Gross specimens removed at operations should be treated 
as parts of autopsies, and dissected or otherwise examined 
bacteriologically and histologically in an equally careful 
manner For the finer study of cancers and other new 
grow^ths the recently published methods of Pianese should 
be employed (see page 275). 

Kxamiimtion of Tissues from Clinieal Cases for 
IHag:iiOSis* — Tumors of any size or large pieces of tissue 
present no difficulties. There is plenty of material to ex- 
amine fresh or after fixing in a variety of ways. The small 
bits removed with a Mixter punch or cut from the edge of a 
growth, of which a diagnosis is wanted immediately, some- 
times prove troublesome. Frozen sections of the fresh 
tissue are often sufficient. Sometimes it is better to harden 
for an hour or more in formaldehyde and then to make 
frozen sections * Often it is wisest to harden in strong alco- 
hol and then to make ra^or sections or to imbed in celloidin. 
The whole process of hardening, imbedding, and sectioning 
can easily be carried through in twenty-four hours with 
small pieces of tissue. Imbedding in paraffin is sometimes 
preferred. In cutting sections of small pieces it is important 
to mount them if jjossiblc. so that the cut sections will show 
proper relations — I e, vertical sections through the skin, 
uterine mucous membrane, etc. — otherwise confusing pict- 
ures will often be presented It b important to know, in 

* Kot A raj^itl method for frt>icn s«ClioiL%, *« p. 4 1 7. 
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regard to pieces of tissue sent for diagnosis, from what part 
of the body tliey come* 

A hematoxyhn-and-eosin stain will be found the most 
generally useful for hardened sections. 

Uterine Scrapings, — Small pieces may be examined 
fresh in frozen sections or after hardening for one or more 
hours in formaldehyde. Better results are obtained by hard- 
ening in alcohol and imbedding in celloidin or paraflfin. 
Where the fragments are small, it is advisable to mass them 
together on a small piece of filter-paper and to harden in 
strong alcohol. The mass can then be imbedded in celloidin 
and cut as one piece of tissue. A hematoxylin-and-eosin 
stain is the best, because the eosin brings out the smooth 
muscle-fibers prominently, so that any invasion of the mus* 
cular coat by a malignant growth is more readily made out 
— a valuable help in the diagnosis of malignant adenoma. 

Exajnination of Fluids obtained by Puncture, — 
The traneudations obtained largely from tlie serous cav- 
ities arc non-inflammatory in origin. They are usually of a 
transparent, pale-yellow color with slightly greenish tint, 
alkaline in reaction, and deposit on standing a slight floccu- 
lent coagulom. 

The specific gravity, to be taken at room-temperature^ 
varies according to the origin of the fluid. According to 
Reuss, it is below 1015 in hydrothorax ; below 1012 in 
ascites; below loio in anasarca; below 1008.5 in hydro- 
thorax. 

The amount of aibimtin in hydrothorax is always under 
2.5 per cent., and in ascites between 1.5 and 2 per cent 
Microscopically, a few leucocytes, usually fatty degenerated 
and rarely desquamated endothelial cells, are found. 

The exudations are of inflammatory origin, and are also 
generally obtained from the serous cavities. From their 
various microscopic appearances they are divided into serous 
(fibrino-serous), hemorrhagic, purulent, and gangrenous. 
Tile specific gravity of all is over 101 S ; the reaction is always 
alkaline. On standing they deposit a varying amount of 
sediment. Examinations for organisms should always be 
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made (see page 89). Occasional ly a peculiar opalescent 
layer, due to cholesterin cr>^stals, forms on the surface of 
fluids which come from old cases of pleurisy, 

SerouB Exudations.^ — The fluid, which immediately after 
removal is slightly cloudy and yellowish in color, deposits 
more or less quickly a flocculent or dense coagulum. Micro- 
scopically, the coagulum shows a dense meshwork of fibnn 
and numerous polynuclear leucocytes. 

Hemorrhagic Exudations. — The sero-fibrinous exudation 
is colored a lighter or darker red according to the amount 
of blood present. Microscopically, the same elements are 
found as in the serous exudations, plus a marked increase 
of red blood-globules, which are usually well presented, but 
in old exudations may be more or less decolorized. 

Aside from injuries, hemorrhagic exudations arc most com- 
mon in connection with tuberculosis and new growths, so 
that their microscopic examination is of much diagnostic 
and prognostic value. 

For the examination of tubercle baciUi see page 175, In 
this form of exudation it is rarely possible to demonstrate 
them. On the other hand, it is not infrequently possible to 
make the diagnosis of a malignant growth, especially of 
cancer, from the examination of the sediment. No cell is 
significant of cancer or other neoplasm, but the occurrence 
of numerous cells which vary greatly in form is suspicious. 
The cells from new growths are often unusually large, up to 
I20^M, frequently contain one or more vacuoles, and usually 
He m clumps. Large drops of fat are also considered sus- 
picious. 

A positive diagnosis can only be made by obtaining bits 
of tissue which show the structure of the new growth, such 
as the atypical alveolar arrangement of the cells in cancer. 

Purulent exudations appear more or less thick and 5'el- 
low, and deposit a corresponding layer of pus. Microscopic- 
ally, they present no pecutiarities other than the organisms 
to which they are due. Among the etiological factors acti- 
nomyces must always be thought of in puatzting cases. 

Putrid exudations occur in the pleural and peritoneal 
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cavities in consequence of gangrenous masses breaking into 
them and from stomach or intestinal ulcerations, from new 
growths, occasionally from no clear cause. The fluid result- 
ing from the perforation of a gastric ulcer may show yeast- 
cells and sarcinae, and give an acid reaction. 

I/Umbar Puncture. — The diagnostic value of lumbar 
puncture has been sufficiently demonstrated. Not only is 
it possible to diagnosticate inflammation of the meninges, 
but the character and cause of the inflammation may usually 
be demonstrated if the examination of the fluid is properly 
performed. In a number of cases of general infection in 
which there was no inflammation of the meninges a diag- 
nosis has been made by means of cultures taken from the 
cerebro-spinal fluid. Finally, a number of cases of hemor- 
rhage into the brain and spinal canal have been diagnosticated 
by lumbar puncture. 

The operation and the subsequent examination of the fluid 
should be as carefully performed as any other bacteriological 
investigation in order to obtain accurate results. The back 
of the patient and the operator's hands should be made 
sterile. The needle should be boiled for ten minutes. The 
patient should lie on the right side, with the knees drawn up, 
and with the uppermost shoulder so depressed as to present 
the spinal column to the operator. This position permits the 
operator to thrust the needle directly forward rather than 
from the side. An antitoxin needle 4 cm. in length, with a 
diameter of I mm., is well adapted for infants and young 
children. A longer needle is necessary for adults and chil- 
dren over ten years of age. 

Aspiration of the fluid is not necessary, but some ope- 
rators prefer to attach a hypodermic syringe to the needle to 
afford a better grasp for the hand. In this case the syringe 
would have to be detached to allow the fluid to flow. The 
additional manipulation, and possibly the defective steriliza- 
tion of the syringe, might impair the subsequent bacterio- 
logical examination. 

The puncture is generally made between the third and 
the fourth lumbar vertebrae ; sometimes between the second 
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third. The thumb of the left hand is pressed between 
the spinous processes, and the point of the needle is entered 
about I cm. to the right of the median tine and on a level 
with the thumb-nail, and directed slightly upward and in- 
ward toward the median line. Care must be exercised to 
prevent the point of the needle from passing to the left of 
the median line and striking on the bone. At a depth of 3 
or 4 cm, in children and 7 or 8 cm, in adults the needle en- 
ters the subarachnoid space, and the fluid flows usually by 
drops. If the point of the needle meets with a bony obstruc- 
tion, it is advisable to withdraw the needle somewhat, and to 
thrust again, directing the point of the needle toward the 
median line, rather than to make lateral movements, with the 
danger of breaking the needle or causing a hemorrhage. 
The smallest quantity of blood obscures the macroscopic 
appearance of the fluid by rendering it cloudy. The fluid is 
allowed to drop into an absolutely clean test-tube which pre- 
viously has been sterilized by dry heat to 1 50** C and stop- 
pered with cotton. The fluid should be allowed to drop into 
the tube without running down the sides. From 5 to 15 ex. 
of fluid is a sufficient quantity for examination. 

Cultures on blood-serum should be made at once from the 
fluid. The test-tube is then held toward the light and gently 
shaken ; by this means the slightest cloudiness can be de- 
tected. 

In meningitis there is always an exudation of cells which 
makes the fluid more or less cloudy. The degree of cloudi- 
ness is to some extent proportionate to the amount and cha- 
racter of the exudation. In tubercular meningitis the amount 
of cellular exudation is sometimes so slight that the fluid ap- 
pears clear unless examined carefully, A guinea-pig should 
be inoculated with some of the fluid as a control-exjierimenL 
The inoculation should be made a short time after withdraw- 
ing the fluid before the formation of fibrin occurs, because the 
web-hke coagulum of fibrin holds the tubercle bacilli in its 
meshes. After standing for several hours more or less fibrin 
forms in the fluid, and contains the cells in its meshes. The 
supernatant fluid is left clear. Cover-glass preparations should 
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be made from this sediment, dried by passing through the 
flame of an alcohol lamp or Bunsea burner, and stained with 
methylene-bluc, which stains the nuclei of the cells and any 
pathogenic bacteria which may be present. 

In tubercular meningitis the predominant cell is the lymph- 
oid cell In purulent meningitis the polynuclear leucocyte 
predominates. Cover-glass preparations may also be stained 
for tubercle bacilli by appropriate methods of staining. 

It is often necessary* to examine twenty or more prepara- 
tions, however, before finding the bacilli. The albumin 
should be quantitatcd. Normally, the cerebro-sprnal fluid 
contains from ^^ to yj^^ of i per cent or less. In menin- 
gitis the amount is increased from ^^ to ^^ of i per cent., or 
often more. Percentages of albumin down to y^ of i per 
cent, can be estimated by the ferrocyanidc-of-potassium-and 
acetic-acid test and a centrifugal machine. Take 3^ ex. of 
a 20 per cent, solution of ferrocyanide of potassium, ijc.c 
of acetic acid, and lo ex. of the fluid in which the albumin 
is to be quantitated. The mixture of reagents and fluid is 
poured into a conically-shaped graduated glass vessel de- 
signed for the purpose and centrifugalized. Sugar is rarely 
present and has no diagnostic value. 

Ovarian and Parovarian Cysts- — The simple cysts of 
the ovary due to distention of Graafian follicles or to cystic 
change of corpora lutea, and the parovarian cysts contain a 
thin, clear, serous fluid of low specific gravity. 

The contents of the multilocular and papillary adcno-cys- 
toniata of the ovar>^ are usually tenacious and mucous, of 
very varying specific gravity, from 1005- 1050, but usually 
between 1020 and 1024. The fluid generally contains much 
albumin and is rich in metalbumin, which is precipitated by 
alcohol, but not by acetic acid, nitric acid, or boiling, so that 
it can readily be distinguished from mucin. Before making 
the test the albumin must be removed. 

The cyst-contents are usually yellowish, but sometimes 
may be dark -red or chocolate-colored. Microscopically, 
red and white blood-globules, occasionally blood-pigment 
and cholesterin crystals, often fat-granules and large vacu- 
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olated cells, are found in the cyst fluid. Bizzosiero considers 
cylindrical epithelial cells, ciliated and beaker cells, and coU 
loid concretions especially important from a diagnostic point 
of view. 

Pancreatic Cyst or Fistula. — The fluid obtained from 
a permanent fistula or large cyst of the pancreas contains 
much less solids than the nornnal pancreatic juice^ and the 
trypsin ferment may be present in \^er>^ small amount or 
possibly be entirely wanting. The fluid is colorless, alkaline 
in reaction, and has a specific gravity of about idjl It is 
characterized by three distinct properties on which its re- 
cognition depends — namely : 

1. It splits up fat into fatty acids and glycerin. Mix to- 
gether equal parts of neutral olive oil and the alkaline fluid. 
Test with Utmus-paper Place the mixture in the incubator 
at yf^ C, and test from time to time. If the fluid is pan- 
creatic, an acid reaction will be obtained in twelve to eighteen 
minutes. 

2. It transforms starch into sugar. Place in the incubator 
equal parts of a i per cent, aqueous solution of starch and 
of the fluid to be tested. In ten to twenty minutes test for 
sugar with Fehling's solution. 

3. It digests fibrin in an alkaline solution (tr>'psin ferment). 
Place some fibrin in the alkaline fluid and set it in the in- 
cubator. In one-half to one hour examine for peptones 
by the biuret test. Add caustic potash or soda and a few- 
drops of a dilute solution of sulphate of copper If 
peptones are present, a beautiful reddish-violet color will 
be produced. 

Dropsy of the Gall-bladder.— Puncture is generally 
not advisable. The fluid is usually colorless and mucoid or 
serous in character. Alt trace of biliar>^ constituents may 
have disappeared. According to Lcnhartz, numerous colon 
bacilli are usually present. 

Hydronephrosis and Renal Cysts. — The fluid is 
almost always clear as water, rarely reddish or yellow* 
Specific gnivily always under 1020 (usually between lOio 
and tois). Urea and uric acid arc generally present, but 
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may be absent. (Small amounts of urea are sometimes 
present in ovarian cysts.) Albumin is slight in amount 
Microscopically, almost nothing is found. 

Bchinococcus C3r8ts. — ^The fluid is perfectly clear, free 
from albumin, and contains a little succinic acid and much 
chlorid of sodium. The specific gravity varies between 1008 
and 1013. 

Microscopically, often no traces of morphological ele- 
ments can be found. Occasionally, however, hemosiderin 
granules or chlolesterin crystals occur, or the characteristic 
structures from which a positive diagnosis can be made — 
namely, scolices, booklets, or pieces of cyst-membrane. 

A positive diagnosis from a chemical examination depends 
on showing — 

1. The absence of albumin. 

2. The presence of chlorid of sodium. 

Evaporate a drop of the fluid slowly on a slide, so as to 
get the characteristic crystals of chlorid of sodium. 

3. The presence of succinic acid. 

Acidify a little of the fluid with hydrochloric acid and 
evaporate to dryness. Extract the residue with ether. The 
crystallized material left on the evaporation of the ether, if 
dissolved in water, will give a rust-colored, gelatinous pre- 
cipitate with sesquichlorid of iron if succinic acid be present 

Examination of the Sputum.— The secretion raised 
from the air-passages by coughing is almost invariably con- 
taminated with the secretion of the naso-phar>'nx and with 
particles of food from the mouth. In examinations of 
sputum these contaminations must always be borne in mind. 
The amount raised varies from a few c.c. to one or even 
several liters in twenty-four hours. 

The macroscopic appearances of the sputum depend on 
the varying proportions of mucus, pus, blood, and serum 
present. The tenacity is mainly due to the mucus. The 
reaction is usually alkaline. 

The general color, consistency, and separation into layers 
is best seen after the sputum has stood for some time in a 
tall glass. For more careful macroscopic examination small 
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portions of the sputum are transferred to flat glass dishes, 
where they are spread out thinly by needles and examined 
over black or white paper. Porcelain plates painted black or 
black paper itself can be used. The latter method is con- 
venient, because the sputum can be burned up with the paper. 

The constituent.^ of the sputum which may be recognized 
macroscopically are few in number, and not so important as 
those which may be found microscopically. 

Macroscopic Examination.^ — i. Caseous Masses. — In the 
sputum from tubercular cases small, opaque, yellowish-white 
masses from the size of a pin -head to that of a small pea 
can occasionally be found, which spread out beneath a 
cover-glass like a bit of cheese* They are small caseous 
masses which are valuable for microscopic examination be- 
cause they usually contain tubercle bacilli and elastic fibers. 

2. Fibruwus casis of the broneJdoks can usually be found 
in the sputum from the third to the seventh day in cases of 
acute lobar pneumonia. They appear as yellowish-white or 
reddish-yellow threads, 2 to 3 mm. thick and \ to several 
cm. long, and are often branched. The large ones are often 
rolled into balls, and show best after being shaken in water. 
Casts of the bronchi are found in cases of fibrinous bronchitis. 

3. Curschmann' s spirals (Fig, 125) of twisted threads of 








FjG. 135,— Curschmiuiriiiiptmlst «r. eentntl fiber. 

mucus enclosing epithelial cells and leucocytes occur rarely 
except in bronchial asthma. They appear macroscopically 
as graytsh-whilc or whitish-yellow masses or threads, J to i| 
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mm. thick and \ to 8 cm. long, and often show a visible 
spiral arrangement. 

4. Dittrich's Pli4gs. — These are whitish-yellow masses from 
the size of a pinhead to that of a bean, which are formed in 
cases of putrid bronchitis and of gangrene of the lung. 
They have a very fetid odor, a cheesy consistency, and are 
rather easily compressed. Besides organisms they contain 
numerous fat-crystals. 

5. Shreds of tissue are found almost solely in gangrene of 
the lung, and are best recognized with the microscope. 

6. Co7icretions, portions of cysticercus membrane, etc. are 
rare in the secretion from the lungs. 

Microscopic Examination. — Microscopically, the sputum 
may show various kinds of cells, fragments of tissue, includ- 
ing clastic fibers, vegetable and animal parasites, and crystals. 

They will be taken up in order : 

1. Red Blood-globules. — In fresh hemorrhages they appear 
normal, often in rouleaux. In old sputa many have lost 
their color. 

2. White blood-globules are almost invariably polynuclear, 
and the majority of them contain neutrophilic granules. In 
asthma, however, numerous eosinophilic and rather numer- 
ous basophilic leucocytes are regularly found. The leuco- 
cytes often contain pigment- or fat-granules. 

3. Epithelial Cells. — Pavement, cylin*drical, and ciliated 
cells are found. The first come from the naso-phar^'nx; the 
others usually from the trachea and bronchi, but may come 
from the nose. Desquamated alveolar epithelium is difficult 
to demonstrate. The pigmented cells found almost wholly 
in chronic passive congestion of the lungs are chiefly, 
perhaps entirely, desquamated alveolar epithelium. The 
pigment appears as yellowish, yellowish-red, or brownish- 
red granules or as yellow diffuse pigmentation. Occasion- 
ally, however, it surrounds granules of carbon, and then 
appears brownish or grayish black. The pigment is derived 
from the blood, and will usually give the iron reaction (see 
page 376), but very young or old pigment will not. 
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4. fatty Ditrihis. — Fat-drops are frequently foundj due to 
the fatty degeneration of cells, 

5. Eiasik fibers (Fig, 126) occur singly, but more often as 
a network. They are recognized by their sharp, dark out- 
lines, due to their high degree of refractive n ess. and by their 
marked degree of resistance to acids and alkalies by which 
other like tissues, such as connective-tissue fibers, are de- 
stroyed. Elastic fibers are most abundant in the caseous 
masses above mentioned. When these masses cannot be 
found, the thicker portions of the sputum are squeezed be- 
tween a slide and cover-glass or between two slides, and ex- 
amined with a low power. The examination is rendered 
easier by mixing a little sputum with a to per cent, solution 




Fig* ta6.— ElflstJc fibers (after Strilmpell), 



of caustic potash or soda. In certain cases it is necessary 
to mix together equal parts of the sputum and 10 per cent, 
caustic potash or soda, and to boil the mixture until the 
sputum is dissolved. The solution is then mixed with four 
times its own volume of water and allowed to stand for 
twenty-four hours, when the sediment can be examined for 
the elastic fibers. 

Vegetable and Animal Parasites. — ^Of the vegetable 
parasites, the most important is the tubercle bacillus {for its 
examination see page 175), Other bacteria sometimes ex- 
amined for are the pneumococcus, the influenza bacillus, and 
actinomyces. 

Of the animal parasites, the amcba coH is sometimes 
found secondary to an hepatic abscess which has [x^rforated 
into the lung (sec page 396). Portions of the membrane of 
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an echinococcus cyst or the booklets from the head may be 
found in the sputum, but infection with this parasite is very 
rare in this country. 

Of the crystals which occur in sputa, the most important 
are the Charcot-Leyden crystals, found mainly in bronchial 
asthma, and the crystals of the fatty acids, of cholesterin, 
and of hematoidin. Tyrosin and leucin are much more rare. 

The Charcot-Leyden orystalB are colorless, elongated 
octahedra of varying size, soluble with difficulty in cold 
water, insoluble in alcohol, ether, chloroform, and dilute 
saline solution. 

Hematoidin crystals occur as ruby-red rhombic plates or 
columns. 




Fig. 127. — Crystals of cholesterin (after Striimpell). 



Cholesterin crystals (Fig. 127) occur as the well-known 
small and large rhombic plates. 

The fatty-acid crystals occur as long, pointed needles, 
either singly or in groups. They are easily soluble in ether 
or hot alcohol, insoluble in water and acids. 

Examination of the Gastric Contents.— The micro- 
scopic examination of the contents of the stomach is much 
less important than the chemical. Fresh blood is easily 
recognized by the microscope. Disintegrated blood must 
be examined for chemically by the hemin test, as follows : 

Mix a little of the suspected material with a crystal or two 
of common salt, or place it on the thin layer of salt formed 
by slowly evaporating a small drop of normal salt solution 
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on a slide* Cover with a cover-glass, and run in enough 
glacial acetic acid to fill up the space between slide and coven 
Warm the slide over a flame for three-quarters to one 
minute until bubbles arise, adding more glacial acetic acid as 
evaporation takes place, until a faint reddish-brown tint 
appears. Then let the acetic acid evaporate entirely, and 
run glycerin in from the edge of the cover-glass. Micro- 
scopic examination will show dark -brown rhombic plates or 
columns of hemin if blood is present. 

Shreds of tissue or bits of mucous membrane are some- 
times found in the vomitus or removed by means of a 
stomach-tube. Examination of them in the fresh condition, 
or, more satisfactorily, in stained sections after hardening and 
imbedding, will sometimes give definite information in regard 
to the condition of the mucous membrane, or render possible 
the diagnosis of a malignant growth. 

Examination for Free Hydrochloric Acid. — ^Of the fol- 
lowing tests, that with Congo-paper is the quickest and easiest, 
but shows only tliat a free acid is present To prove that 
the free acid is hydrochloric acid the phloroglucin-vanillin 
test or one of the others is necessary, 

1. Conga-paper is turned blue by free acids only. Free 
hydrochloric acid turns it of a cornflower-blue, a tint obtained 
with lactic acid only when in much greater concentration 
than is ever present in the stomach. Congo-paper is used 
simply by dipping it into the stomach-contents, preferably 
after filtration. 

2, Gunzburg' s Ttst with Pfilor0glu€m-vmniiuL — The solu- 
tion consists of — 



Phlorogtucin, 
Vanillin, 
Absolute alcohol. 



1; 

30. 



Three or four drops of this solution are placed with an equal 
amount of the filtrate from the stomach-contents in a porce- 
lain dish and camfully heated over a small flame. Keep the 
dish in constant motion, and do not allow Uie mixture to 
boil, because boiling prevents the reaction from taking place. 
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If free hydrochloric acid is present, a rose-red mirror is pro- 
duced. The phloroglucin-vanillin solution does not always 
keep well, so that it is best to keep alcoholic solutions of 
phloroglucin and of vanillin in separate bottles, and to mix 
together one or two drops of each when required. 
3. Boas' Rcsorcin Test — The solution consists of — 

Resublimed resorcin, 5 ; 

Cane-sugar, 3 ; 

Alcohol, 94 per cent., ad 100. 

It is used in the same manner as the phloroglucin-vanillin 
test. A similar but more transient mirror is produced. 

Topfer's Dimethyl-amido-azo-benzol test is highly recom- 
mended by Simon as superior to the phloroglucin-vanillin 
test. *'One or two drops of a 0.5 per cent, alcoholic solu- 
tion is added to a trace of the gastric contents, which need 
not be filtered ; in the presence of free HCl a beautiful cherry- 
red color develops, which varies in intensity according to the 
amount of free HCl present." 

Examination of the Feces. — In examining for tape- 
worms and their eggs it is often best to dilute the feces with 
water, and then to examine the sediment both macroscop- 
ically and under the microscope. (For ameba coli see p. 
396.) The other protozoa are best looked for in fresh slide 
preparations. 

For the cholera vibrio see p. 180; for the typhoid bacillus 
see p. 165. 

The membranous casts sometimes found in feces consist 
almost wholly of mucus, cylindrical epithelial cells, and 
leucocytes. Bits may be examined fresh, or the casts may 
be hardened and sections made and stained after imbedding 
in celloidin. 

Examination of the Urine. — Only those points are 
mentioned which come within the province of the patholo- 
gist. 

Of the animal parasites, the echinococcus and the filaria 
sanguinis hominis are the only important ones, and they are 
ver}' rare (see pp. 398, 402). 
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Of the vegetable parasites^ tobercle badlli and goncjcocci 
are the most common ; actinomycetes are very rare. 

New growths in the kidneys are accompanied with hemor- 
rhage in less than half of the cases, while new growths in 
the bladder almost invariably give rise to it. Fragments from 
new grovnhs in the bladder are rare, A diagnosis of malig- 
nant disease from cells only is impossible. Pieces of tissue 
which show on microscopic eKaminalion the characteristic 
structure of cancer or other neoplasm must be obtained in 
order to render a diagnosis possible from the pathological 
(but not from the cHnical) standpoint 

A Rapid Method of Makjngr Permaneist Hotints 
of Frozeti Sections. — This is a modihcation, by J. H. 
Wright, of the method of T. S. Cullen. 

1. Place the specimen in lo per cent, solution of formalin 
for two hours or more* If tiiere is not time enough for 
this, the specimen may be boiled in the same solution, in 
a test-tube over the Bunsen flame, for two or three min* 
utes» This does not give as good histological detail as does 
the procedure first mentioned. The specimen should not be 
more than S mni, in thickness, 

2. Rinse in waten 

J, Cat frozen section (see page 229). The sections must 
be as thin as possible without being so thin as to fall apart. 
Sufficiently thin sections may be obtained if the edge of the 
knife is in good condition, It should be given a smooth 
edge by rubbing on a razor-strop, 

4, Float the section on the slide and arrange it smoothly, 
removing superfluous water. 

5, Place on the section a sheet of smootli cigarette-paper, 
and then press on this, over the sectioti, with a pad of ^i^oft, 
smooth filter-paper, the face of which has been moistened 
with a few drops of 95 per cent, alcohol. On removing the 
padded filter-paper, the cigarette-paper, which remains in 
contact with the slide and the section, is carefully stripped 
ofl; leaving the section adhering to the shde. The cifjarctte- 
papcr prevents the fibers of the filter-paper from adhering to 
the section and marring the appearance of it. 

ST 
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6. Cover the section thus sticking to the slide with abso- 
lute alcohol for about thirty seconds, and drain off. 

7. Flow over the section and the adjacent surface of the 
slide a thin solution of celloidin in equal parts of absolute 
alcohol and ether, draining off immediately. The film of 
celloidin thus formed should lie so thin as to be invisible. 

8. Flood the surface of the section and of the slide with 
95 per cent, alcohol, and immediately place the slide for ten 
seconds in water. This hardens the thin film of celloidin 
and prevents the section from curling and leaving the slide 
during the subsequent manipulations. 

9. Stain with hematoxylin, or with any stain or combina- 
tion of stains. The methods of staining tubercle bacilli in 
paraffine sections are applicable to sections obtained by this 
method (see p. 387). 

10. Dehydrate in 95 per cent, alcohol followed by a little 
absolute alcohol. (The absolute alcohol should be used 
with care, so as not to cause loosening of the section by 
dissolving the celloidin.) 

11. Clear with oil of origanum, and mount in balsam. 
This method has been used with very satisfactory results 

on a wide range of pathological material. It is especially 
useful in the microscopical diagnosis of surgical material in 
connection with operations. The sticking of the section 
smoothly to the slide not only prevents distortion of the 
section by the dehydrating and clearing agents, but it also 
facilitates the manipulations incident to its staining and per- 
manent mounting. By this method good smooth sections, 
stained, cleared, and mounted in balsam, may be obtained 
in the course of a few minutes after receiving the specimen. 
The fixation of the material before the cutting of the sec- 
tion is essential to the success of the method, for if this is 
not done, the section will not adhere to the slide, but will 
adhere to the cigarette-paper in the process of pressing it on 
the slide. In place of the formalin, alcohol or Zenker's fluid 
may be used. In either case, however, the specimen must 
be thoroughly washed in water to remove the fixative before 
it can be frozen. 
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Abb6's camera lucida, 228 

illuminating apparatus, 227 
Abbott's method uf staining spores, loi 
Abdominal cavity, inspection of, 29 
opening of, 27 
removal of organs of, 40 
Acetic acid, 240 
Acid, acetic, 240 

alcohol, 279 

chromic, 241 

hydrochloric, 240 

ns decalcifying agent, 254 

nitric, as decalcifying agent, 253 

osmic, 240 * 

picric, 274, 298 

as decalcifying agent, 253 
as fixative, 247 

trichloracetic, 254 
Actinomyces, 215 

diagnosis of, 220 

staining of, in sections, 385 
Adrenals, removal of, 45 
Agar, blood, for gonococcus, 1 42 
Agar-agar, glucose, 77 

glycerin, 77 

lactose-litmus, 77 

plain, 74 

autoclave in preparation of, 74 

precipitates of phosphates in, 76 

serum, for gonococcus, 142 

slant culture of, 75, 76 

stab culture of, 75, 77 

urine-serum, 144 
Albuminous degeneration, 361 
Alcohol as fixative, 245 

hematoxylin, Weigert's, 267 

Kanvier's one-third, 241 
Alkaline methylene-blue, 271 
Alum carmine, 269, 295 

cochineal, 269, 295 
Alum hematoxylin, aqueous, 265, 292 

stains, 201 
Anu'la coli. staining of, 396 
Ampliophilic granules, J47 
Amputating knives, iS 
Amyloid intiltration, 372 



Anaerobic bacteria, media for, 1 19 
culture methods for, 118 
in fluid media, 124 
in vacuo, 1 28 
plate-cultures, simple, 121 
Aniline and xylol, Weigert*s mixture, 
282 
as clearing reagent, 281 
blue, for nerve-fibers, 319 
for ner\'ous system, 312 
Mallory's, 303 
dyes, 269 

as nuclear stains, 295 
water, 279 
Aniline-fuchsin, 272 
Aniline-gentian-violet, 272 
Aniline-oil water, 279 
Animal parasites, examination of, 390 
Animals, care of, I18 

inoculation of, 99, 113 
Anterior incision, long, 28 

mediastinum, 32 
Anthrax, bacillus of, 1 87 

diagnosis, 190 
Aorta, o[)ening of, 50 
Apparatus for collecting pathological 
fluids, 91 
for examination of blood, 333 
Artificial serum, 241 
Asiatic cholera, diagnosis of, 184-187 
spirillum of, 180. See also 
Spiri/ium. 
Autoclave in agar agar preparation, 74 

sterilization by, 88 
Auto|»ies, 17 

bacteriological examinations at, 89 

general rules for, 21 

instruments fur, 18 

organs from which cuhures are 

made at, 98 
private, 24 

restitution of Ixxiy after, 67 
scales for, 18 

suggestions to Inrginners, 23 
Auto|>sy-l)ag, 24 
Auto()sy-knife, 18, 19 
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Autopsy-needles, 21 
Autopsy-record, 22 
Auto^)sy-saw, 19, 20 
Autopsy-table, 18 
Axillary glands, 29 

Axis-cylinder and terminal process, 
stains for, 318 
processes, stains for, 314 

Baurs' nniiine safranin, 273 
Bacillus aerogenes capsulatus, 212 
capsule-, Friedi&nder's, staining of, 

383 . 

coli communis, 165 

bacillus typhosus and, differen- 
tiation, 162 
detection of, in water, 170 
colon, 165. See also Bacillus coli 

communis, 
comma, 180. See also Spirillum of 

Asiatic cholera, 
diphtherise, 153 
diagnosis, 156 
staining of, 157 
lactis aerogenes, 16S 
mallei, 200 

mucosus capsulatus, 205 
of anthrax, 187 
diagnosis, 190 
of bubonic plague, 194 

diagnosis, 197 
of glanders, 200 
diagnosis, 203 
staining of, in sections, 382 
of green pus, 19 1 
of influenza, 197 
diagnosis, 200 
staining of, in sections, 381 
in sputum, 200 
of leprosy, 180 

bacillus tuberculosis and, differen- 
tiation, 175 
staining of, in sections, 388 
of malignant edema, 214 
of rhinoscleroma, staining of, in sec- 
tions, 384 
of syphilis, staining of, in sections, 3S9 
of tetanus, 208 

isolation of, 211 
pneunioniiv; of FriedlJlnder, 207 
proteus, 204 
pyocyaneus, 191 
pyogenes, f<cti(his, 1 68 
sniej^Miin, bacillus tuberculosis and, 
ditTerentiatitm, 178 
staining of, 390 
tul)rmilo.-is, 170 

bacillus of leprosy and, differen- 
tiation, 175 



Bacillus tuberculosis, diagnosis, 174 
examination of sputum for, 175 
in sputum, 413 
in urine, 175, 178 
isolation of, from lesions, 172 
smegma bacillus and, differentia- 
tion, 178 
special culture-medium for, 173 
staining of, in sections, 386 
typhosus, 158 

bacillus coli communis and, dif- 
ferentiation, 162 
blood -serum reaction with, 163 
cultivation of, from feces, 165 

from rose spots, 165 
serum reaction with, 163 
staining of, in sections, 381 
Bacteria, anaerobic, media for, 119 
in cultures, methods of studying, 99 
in tissues, staining of, 378 
injection of, in mesenteric veins, 115 
motility of, determination of, 112 
not staining by Gram, 95, 380 
quantity of, for inoculation, 117 
stained by Gram, 95, 3S3 
staining by tul)ercle-bacillus method, 
3S6 
Bacteriological examinations at autop- 
sies, 89 
collection of material for, 89, 

96 

methods, 70 
Bacteriology, special, 128 
Bacterium coli commune, 165. See 

also Bacillus coli communis. 
Band-saw, 18 

Bardeen's freezing microtome, 229 
Baso|)hilic granules, 347 
Bergamot oil, 281 
Berlin blue, 242 
Bethe's method of fixing methylene- 

blue for nerve-fibers, 321 
Bile-pigment, 375 
Bilirubin, 374, 375 
Biondi-Hcidenhain stain, 275, 299 
Birch -Hirschfeld stain for amyloid, 

374 
Bismarck-brown, 273 

and gentian -violet reaction with amy- 
loid, 374 
Bladder, opening of, 48 
Blake-Minol microtome, 232 
Block for head, 21 
Blood agar for gonococcus, 142 
cover-|::lass preparations, 343 

Whitney's fixation for, 345 
cultures from, during life, 98 
elements. 345 
examination of, 332 
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Blood, examination of, apparatus for, 

III 
preparation of, 336 
for malarial organisms, 393 

hypostasis of, 26 

obtaining of, for examination, 338 

red corpuscles of. See Ked cor- 
puscles. 

specific gravity of, ^^2 

staining, 348 

white corpuscles of. See White 
corpuscles. 
Blood-coloring matter, diffusion of, 26 
Blood-counting slide, cleaning, 337 
Blood-serum, 79 

coagulation of, So 

collection of, 79 

cultures in, preparation of, 96 

old method of pre(>aration, 81 

reaction in typhoid, 163 
Blue coloring mass, 242 
Blut-pl&ttchen, 348 
Boas' resorcin test for HCl, 416 
Body, external examination of, 26 

internal examination of, 27 

length of, 26 

restitution of, 67 
Boiling as fixative, 250 
Bolton's potato-cultures, 82 
Bone, fixing and examining, 355 
Bone-cutter, 19, 21 
Bone-marrow, fixing and examining, 

Borax, meihylene-blue, 272 
Bothriocephalus latus, 402 
BiHtles for histological work, 239 
Bouillon, 71 

cultures under hydrogen, 126 

glucose, 73 
Bowhill's nietho<l of staining flagella, 

104 
Brain, external examination of, 55 

riire's method of sectioning, 59 

removal of, 50, 53 

section of, 56 

Virchow's method of sectioning, 58 

weight of, 55 
Brea>ts. incision of, 29 
Bronchioles, fibrinous casts of, in 

sputum, 411 
Bubonic plague. l)acillus of, 194 

diagnosis, 167 
Buchncr's metho^l f«)r anaerobes, 120, 
122 

('Al.t IFICATION, 377 

Caivarium. removal of, 52 
( "anicra luci«ia, Alilie's, 22^ 
C aiiada baKam, 282 



Capaldi's culture-medium for bacillus 

tuberculosis, 174 
Capillary tubes, cleaning, 337 
Carbol-fuchsin, 272 
Carbolic acid and xylol, Weigert's 

mixture, 282 
Carjjolic-acid water, 279 
Carbon, 376 
Carmine, alum, 269, 295 

and picro-nigrosin stain, 275 

injection mass, 242 

lithium, 295 
Orth's, 269 

neutral, 269, 298 

stains, 268, 298 
Carmine-gelatin mass, 243 
Cartilage, fixing and examining, 355 
Cartilage-knife, 19 
Caseation, 364 

Caseous masses in sputum, 411 
Caustic potash as macerating fiuid, 241 
j Cedar wood, oil of, 281 
' Celloidin, 255 

imbedding, 255 

method, for serial sections, 261 

microtome, 230 

preparations, mounting of, 234 

sections, curling of, 258 
fixing of, on slide, 258 

staining tubercle bacilli in, 388 
Central nervous system, 309. See al>o 

Nervous system. 
Cerebro-spinal fluid, albumin in, 408 
Cliameleon phenomenon, 192 
Charcot- Leyden crystals, 414 
Chenzinsky-Plein solution, 351 
Chisel, 19, 21 

hatchet-, 19, 21 
Chlorid-of-iron and dinitroresorcin for 
nerve-fiber^, 320 

hematoxylin. Mallory's. 293 
Cholera Asiatica, spirilium of, 180. 

See also Spirilium. 
Cholesterin cr>slals, 363, 414 
Chromic aciil. 241 
Chronu)- formic aci<l. KabPs, 249 
Clearing reagents, 280 
Clinical patholog)', 403 
Cloudy swelling, 361 
Cloves, oil of, 281 
Clubs of actinomyces, 217, 218 
Clump reaction, 163 
Cochineal, alum, 2^9, 295 
Cold inject ion -masses, 242 
Colloid, 367 
Col«>n group, 16S 
Colo|>honium, 283 
Coloring masses, 242 
Combination stains, 275, 299 
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Comma bacillus, 1 80. See also Spi- 
rillum of Asiatic cholera. 
Concave dishes, large, 238 
Concretions in sputum, 412 
Connective-tissue fibrillae and reticu- 
lum, 303 
Contrast stains, 297 
Coronary arteries, o|)ening of, 35 
Cori)uscIes. See Red and White, 
Corrosive sublimate, 247 
Costotome, 19, 21 
Cover-glass preparations, 92 
fixing of, 92 
for flagella, 102 
from cultures, loo 

staining of, 1 00, loi 
mounting of, 93 
staining of, 92, 94 
Cover-slips, 237 

Cox's modification of Golgi's corrosive- 
sublimate method, 318 
CuUen's mounting of frozen sections, 

Wright's modifiation, 417 
Cultivation without oxygen, 1 18 
Culture-media, 70 

adjustment of reaction of, by titra- 
tion, 83 
agar-agar, glucose, 77 
glycerin. 77 
lactose litmus, 77 
plain, 74 
blood agar, 142 
blood-serum, 79 
bouillon, 71 

filling of tubes with, 85 
fluid, ana£rol)es in, 124 
for anaerobes, 1 19 
for gonococcus, 142 
gelatin, glucose-, 79 

plain, 78 
glucose bouillon, 73 
litmus-milk, 82 
LSfller's mixture, 79 
peptone solution, I)unham's, 83 
lx)tato, Hoi ton's, 82 
preparation of, 71 
serum agar-agar, 142 
standard reaction of, 84 
sterilization of, 87 
storage of, 89 
urine-serum acrar-agar, I44 
Wasserman's, for gonococci, 1 44 
Cultures, ann^robic, 118 
in fluid media. 124 
bacteria in, methods of studying, 99 
l)ouillon, uinler hydrogen, 126 
cover glass preparations from, loo 
from blo(j(i during life, 98 
from organs at autopsies, 98 



Cultures in vacuo, 128 

on blood-serum, preparing, 96 
pure, methods of obtaining, 106 
roll. III 
slant, 75, 76 
stab, 75, 77 
deep, 121 
under hydrogen on solid media, 
127 

Curschman's spirals, 41 1 

Cuts during autopsies, 23 

Damar, 283 

Darkschewitsh's method for serial sec- 
tions, 262 
Decalcification, 252 
Decolorization test of Gram for gono- 
cocci, 146 
I Decolorizer, Gabbet's, 271 

Delafield's hematoxyhn, 265, 292 
\ Dendritic j)rocesses, stains for, 314 

Diaphragm, position of, 30 
I Diffuse stains, 274, 297 
Diffusion of blood-coloring matter, 26 
I Diluting, 97, 108 
' Dimethvl-amido-azo-benzol test for 

HCl,4i6 
Dinitroresorcin and chlorid-of-iron for 

nerve-fibers, 320 
Diphtheria, bacillus of, 1 53 
diagnosis, 156 
staining of, 157 
toxin of, 155 
Diplococcus intracellularis meningiti- 
dis, 149 
pneumonia?, 136 
Discolorations, greenish, 26 

})ost-mortem, 26 
Discrete colony, 108 
Dishes, staining, 236 
Dittrich's plugs, 412 
Drop-lx)ttle for microtome, 232 

for stains, 239 
Dropsy of gall-bladder, 409 
Dunham's mixture of oils of thyme 
and cloves, 282 
peptone solution, 83 
Duodenum, incision of, 43 

opening of, 43 
Dura, ins}>eciion of, 53 
removal of, 52, 53 

Ear, middle, removal of, 63 

Echinococcus cysts, 410 

Edema, malignant, bacillus of, 214 

Elirlenmeyer flasks, 87 

Ehrlich's acid hematoxylin, 266, 292 
aniline-gentian-violet, 272 
heniatoxylin-eosin for bk>od, 350 
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Ehrlich's method for cover-glass prep- 
arations of blood, 344 
of staining mastzellen, 302 
triple stain for blood, 349 
tubercle-bacillus method, 381 
Ehrlich-Wesiphal method for mastzel- 

len, 302 
Elastic tibers, 306 
in sputum, 413 
Unna's orcein for, 308 
Weigert's slain for, 307 
Embolism of pulmonary artery, 35 
Enterotome, 20 
Eosin, 274 

and methylene-blue, 296 
for blood, 350 
in borax, 276 
as diffuse stain, 297 • 
Eosinophilc, 348 
Eosinophilic granules, 346 
Epidermis, tixing and examining, 

358 

Epithelial cells in sputum, 412 
Erlicki's fluid, 251 
Er>'sipelas, 136 

streptococcus of, 133, 136 
Ervlhroblasts, 346 
Erythrocytes, 345 
Esmarch's method for anaerobes, 12 1 

roll-culture metho<l, ill 
Esophagus, incision of, 40 

removal of. 43 
Exner's stain for myelin-sheaths, 325 
Exudations, examination of, 404 

hemorrhage, 405 

purulent, 405 

putrid, 405 

serous. 405 
Eye, examination of, 62 

Fatty degeneration, 361 
Fatty-ncid crystals, 414 
Feces, cultivation of bacillus typhosus 
from. 165 

examination of, 416 
Fcnnrntation-tul»e, l6g 
Ferric salts, reactions for. 377 
Ferrous salts, reactions for, 377 
Fetu-:, length of, 66 

weight of. ()6 
Fibrilhe, connective-tissue, 303 
Fibrin, <lemonstration of, 364 
Fil>rinous casts of bn>nchioles in 

.sputum, 411 
Filaria sanguinis hominis, 30S 
Filling of test tulx^s. S5 
Fiocca's method of staining s|X)res, 
lOI 

Fi>tula, 409 



• Fixing methods for special organs and 
I tissues, 351 

of cover-glass preparations, 92 
reagenU, 243 
alcohol, 245 
boiling as, 250 
choice of, 244 
Erlicki*s 251 
Flemming's, 248 
formaldehyde, 249 
general considerations, 243 
Hermann's, 248 
Marchi's, 251 
Miiller's, 251 
Orth's, 247 
Pianese's, 249 
picric acid, 247 

Rabl's chromo-fbrmic acid, 249 
Zenker's fluid, 246 
Flagella, staining of, 102-106 
I Flemming's solution, 248 
I Flexner's methods for bacillus typho- 
I sus, 381 

I of leprosy, -7^%% 

Fluid material, collection of, 91 
Fluids, examination of, 241 

from puncture, examination of, 404 
in alxiominal cavity, 29 
in j>ericardium, 32 
indifferent, 240 
macerating, 241 
Food for animals, 118 
Forcej)s, 21 

for holding cover-glasses, 92, 343 
Formaldehyde as fixative, 249 
for nervous system, 309 
for neuroglia-filx'rs, 327 
Formic-acid method, Lowii's, 285 

Ranvier's, 286 
Fracture of skull, 52 
FrJlnkel's method for anafrol>es, 128 
F'reezing microtome. 228 

knife for, 230 
Fresh specimens, 239 
Freud's gold stain for nerve-filiers, 

Friedlan<ler*s bacillus pneumoniae, 
207 
ca|>sulo-bncillus. staining of, in sec- 
tions, 'i^'^T^ 
Frozen sections, 228 

|>ermaiieni mounting of, 417 
rapid method for, 417 
Fuchsin, 272 

acid, anti hematoxylin, 278 

and piiTo-nigrosin, 277 
carl)ol-, 272 
Futcher's method for malarial para- 
sites, 396 
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Gabbet's decolorizer, 271 

methylene-biue, 271 
Gall-bladder, dropsy of, 409 
Ganglia, semilunar, 49 
Ganglion-ccUs, Cox's modification of 
Golgi's corrosive sublimate for, 
3«8 

Golgi's methods. 3 1 4-3 1 7 

I^nhoss6k's method, 314 

Nissl's method, 313 

stains for, 313 
Gastric contents, examination of, 414 
Gastro-intestinal tract, 41 

fixing and examining, 354 
Gelatin, glucose, 79 

mass, carmine, 243 

plain, 78 

tubes, sterilization of, 78 
Generation of hydrogen, 127 
Gentian-violet, 272 

aniline, 272 

reaction with amyloid, 373 

Stirling's, 272 
Gerlach's method for nerve-fi!>ers, 318 
Giacomi's method for syphilis bacillus, 

389 
Gigantoblasts, 346 
Glanders, bacillus of, 2CX) 
diagnosis, 203 
staining of, in sections, 382 

tubercles, 202 
Glands, axillary, 29 
Glucose agar-agar, 77 

bouillon, 73 

gelatin, 79 
Glycerin agar-agar, 77 
Glycerin -albumm, Mayers, 279 
Glycerin-alum-hematein, Mayer's, 266 
Glycogen infdlratit)n, 370 
Gold, 285 

slain for nerve-fibers, 318 
Golgi stains, Kallius* method of fixing, 

317 

corrosive-sublimate method, Cox's 

modification, 318 
method for nervous system, 314-317 
Gonococcus, 141 
diagnosis, 145 

special culture-media for, I42 
stainnig of, 147, 381 
Graduates, 21 

Gram's (lecolorizati<»n test for gono- 
cocci, 146 
iodin solution, 278 
method of staining cover-glass prep- 
arations, 94 
from cultures, loi 
stainmg method. 384 
Gram-Weigert staining method, 384 



I Granulation -tissue metho<is of fixing 
I and examining, 352 

I Green pus, bacillus of, 191 

Greenish discolorations, 26 
. Grip, l)acillus of, 197 
I Guinea-pigs, care of, 118 
' inoculation of, 1 13, 114 

Giinzburg's phloroglucin-vanillin test 
for 1 1 CI, 415 

Hairs, fixing and examining, 358 
Hammer, soft-iron, 21 

steel, 19, 21 
Hanging drop, 112 

Harke's method of examining naso- 
pharynx, 64 
Hatchet-chisel, I9, 2I 
Head, holder for, 19, 21 
Heart, external insj>ection of, 32 
incisions in, 33 
measurements of, 36 
opening of, 33, 36 
removal of, 32 
weight of, 36 
Heidenhain's hematoxylin, 293 
Hellers osmic acid for myelin-sheath, 

326 
Hemalum, acid, Mayer's, 266 

Mayer's, 266, 292 
Hematein stains, 264 
Hemaloblasls, 348 
Hematoidin, 374. 375 

crystals, 414 
Hematoxylin, acid, Ehrlich's, 266, 292 
alum-, 291 

aqueous, 265, 292 
and acid fuchsin, 278 
j and light green, 27S 
I chlorid-of iion, Malloiy's, 293 
I Delaficld's. 265, 292 
t Heidenhain's, 293 
I phosphomolybdic-acid, 267. See also 
Phosphomolybdic acid. 
phosphotungslic-acid, 268 
for nervous system, 312 
for neuroglia -fibers, 331 
' stains, 264 

' Hematoxyhn-eosin. Ehilich's, 350 
' Hcmocytometer, Thoma-Zeiss, 333 
' Hemoglobin, 374 

test, 338 
' Hemometer, von Fleischl's, 335 
Hemorrhagic exudations, 405 
Hemosiderin, 374 

iron in, reactions for, 376 
Hermann's s(jlution, 248 
Histological methods, 226 
HoKlttr for head, 19, 21 
Hollow slide, 1 12 
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Honing, 23S, 236 

Hoyer's thionin method for mucin, 366 

Hunt's method of staining bacilli ■ 
diphtheriu:, 158 ■ 

Hyaline, 367 

true. 368 I 

Hydrochloric acid. 240 | 

as decalcifying agent, 254 
free, in gastric contents, 415 

Hydrogen, generation of, 127 

Hydronephrosis, 409 

Hydrophobia, 224 

Hypostasis of blood, 26 

Illuminating apj^aratus, Abba's, 227 
Illumination for microscopic work, 228 ■ 
Imbedding, 254 i 

in celloidin, 255 ! 

in paraffin, 258 
Impregnations, 2S3 

Incision, long anterior, 28 , 

Indifferent fluids, 240 I 

Infants' skull, oi>ening of, 52 
Inferior vena cava, incision of, 49 
Inflammatory exudations, acute, ele- 
ments to l>e preserveti in, 352 
Influenza, bacillus of, 197 
diagnosis, 200 
staining of, in sections, 381 
in sputum, 200 
Injection-masses, cold, 242 

warm, 242 
Injections, 242 
Inoculation of animals, 99, 1 13 : 

of guinea-pigs, 113 | 

of mice, II 6 j 

of rabbits, II4 

of tul)es, 107 
Instruments, autoj«y, 18 

for histological work, 238 
Intestines, incision of, 43 

removal of, 42 
Intra()eritoneal inoculation of guinea- 
pigs. 114 
Intravenous inoculation of rablnts, 115 
lodin, 278 

and sulphuric -acid reaction with 
amyl«>id, 373 

Gram's solution, 278 

in use of Zenker*N fluid, 247 

I.u^jol's solution, 27S 

reaction for amyloid, 372 
lodin-green reaction with amyloid, 374 
Iron coni|>ounds in pigments, 376 

in henn>siderin, reactions for, 376 
Isc>lation of bacterium, 108 

JocHMANN's mrtluMl for tubercle !«- 
cilli in sputum and urine. 175 



Kaiserling's method for museum 

preparations, 360 
Kalliu^' method for flxing Golgi stains, 

3«7 
Karyomitosis, 299 
Keratohyalin, Unna's, for hyaline and 

colloid, 370 
Kidneys, examination of, 47 
fixing and examining, 353 
incision of, 46 
measurements of, 47 
removal of, 46 
weight of, 47 
Knife, amputating-, 18 
auto|>sy-, 18, 19 
cartilage-, I9 

for freezing microtome, 230 
microtome, 235 

sharjxming of, 235, 236 
Koch's bacillus, 170. Sec also Bacil- 
ius tuberculosis. 
method of inoculation of connna 
bacillus, 183 
Kollmann's carmine injection-mass, 242 
Kiihne's methylene-blue, 271 
tulxjrcle l)acillus method, 387 

Laboratory microtome, large, 230 

outfit, 226 
Lactose-litmus agar-agar, 77 
Lacumv and canaljcuhv, Schmorl's 

methods of demonstrating, 356 
Langhan's method to obtain {permanent 

mounts of amyloid, 373 
I-arynx, incision of, 40 
Lavender, oil of. 281 
Lenhos.N<ik's metho<l for ganglion-cells, 

314 
Lens, 227 

Leprosy, 180. See also Bacillus of lep- 
rosy. 
LcuctKvtes, 346. See also irhite cor- 
puscles. 
Lil)orius' method for anaf n)bcs, 119 
Liebig's beef extract, l)ouillon from, 73 
Light green and hematoxylm, 27S 
Lithium carmine, 295 

Orth's, 269 
Litmus-milk. 82 

Liver, fixing and examining, 354 
incision of, 44 
metisurcmrnts of, 45 
removal «)f, 44 
weight of, 45 
I^Offlcr's metho<l for glamlrrs b.icillus, 

of staining flagella. 103 
methylene-blue, 271, 3S0 
mixture, 79 
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Ldffler's mixture, cultures in, 96 
Ldwit's formic-acid method, 285 
Lubinski's culture-medium for bacillus 

tuberculosis, 173 
Luer*s double rachiotome, 20 
Lugol's solution, 278 
Lumbar puncture, 406 
Limgs, Bxing and examining, 352 

incision of, 38 

removal of, 37 
Lustgarten's method for S3rphilis 

bacillus, 389 
Lymphocyte, 347 

Macerating fluids, 241 
Madura foot, 221 

Malachite -green, acid fuchsin, and 
Martin's yellow, 277 
and nigrosin, 276 
Malarial organisms, 390 

blood examination for, 393 
cycle of development of, 392 
staining of, 394 
Malignant edema, bacillus of, 214 
Mallory's aniline blue for connective- 
tissue, 303 
chlorid-of-iron hematoxylin, 293 
differential stain for ameba coli, 397 
methods for actinomyces, 385 
stain for neuroglia-fibcrs, 328 

by phosphotungstic-acid hema- 
toxyUn, 331 
Mall's differential method for retic- 
ulum, 306 
Mammae, incision of, 29 
Marchi and Algeri's method for fatty 
degenerated myelin-sheath, 332 
Marchi's fluid. 251 
Markzellen, 348 

Marrow, incision for viewing, 50 
Mastzellen, 301, 348 

Ehrlich's method of staining, 302 
Erhlich-Westphal method of stain- 
ing, 302 
Unna's method of staining, 302, 

Mayer's acid hemalum, 266 

glycerin-albumin, 279 

glycerin-alum-hematein, 266 

hemalum, 266, 292 

muchcmatein, 267 
Mechanical stage, 228 
Mediastinum, anterior, 32 
Megaloblasts, 346 
Mcgalocytes, 346 
Melanin, 375 
Mesenteric veins, injection of bacteria 

into, 115 
Mesentery, removal of, 42, 43 



Metallic boxes for paraffin imbedding^ 

260 
Methemoglobin, 374 
Methylene-blue, 270 
and eosin, 296 
for blood, 350 
in borax, 276 
for nerve-fibers, 320 

Bethe's metho<l of fixing, 321 
polychrome, Unna's, for mucin, 367 
solution, LSffler's, 380 
Methyl-violet, 273 

reaction with amyloid, 373 
Mice, care of, 118 

inoculation of, 1 16 
Micrococcus lanceolatus, 136 

tetragenus, 147 
Microcytes, 346 
Microscopes, 225 
Microscopic work, illumination for, 

228 
Microtome, coUoidin, 230 
drop-bottle for, 232 
freezing, 228 

knife for, 230 
knives, 235 
laboratory, large, 230 
I Minot- Blake, 232 

Minot's precision, 231 
I , wheel, 234 
paraffin, 233 
Minot-Blake microtome, 232 
' Minot's precision microtome, 231 
I wheel microtome, 234 
, Mitosis, 299 
Mixing pipette, cleaning, 337 
Moeller's staining of spores, 10 1 
. Mononuclear cells, 347 
! Morris's method of staining vegetable 
I parasites of skin, 359 

Motility of bacteria, 112 
Mounting reagents, 282 
I Mouse-holder, 1 17 
1 Muchematein, Mayer's, 267 
Mucin, 365 
Mailer's fluid, 251 
' Muscle -fibers, 308 

Museum preparations, 359 
I Mycetoma, 22 1 
. Myelin-sheath, Exner's demonstration 

of» 325 
! fatty degenerated, Marchi and Al- 
j geri's method for, 332 

Heller's osmic acid for, 326 
I mordanting of, 322 
I Pal's modification of Weigert's 
stain for, 324 
stnins for, 322 
Weigert's stain for, 323 
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Myelocytes, 348 
Myelotome, 18, 20 

Nasopharynx, examination of, 64 
Neck, organs of, 39 
Necrosis, 363 
Needles, autopsy-, 21 
Neisser's method of staining bacilli ! 
diphtheriae, 157 | 

Nerve-fibers, chlorid-of-iron and dini- 
troresorcin for, 320 
gold stain for, 318 
methylene-blue for, 320 

Beihe's method of fixing, 321 
Strdbc's aniline blue for, 319 
Nervous system, 309 

aniline blue for, 312 
degenerations of, stains for, 332 
formaldehyde as fixer, 309 
general stains for, 310 
nigrosin for, 312 

phosphomolybdic-acid hematox- 
ylin for, 312 
phospbotungstic-acid hematoxylin 

for, 312 
van Gieson's picro-fuchsin for, 31 1 
Neuroglia- fibers, formaldehyde as fix- 
ative for, 327 I 
Mallory's differential stain for, 328 1 
phosphotungstic-acid hematoxylin 
for, 331 
stains for, 327 | 
Weigert's method for, 329 1 
Neutral carmine, 269, 298 
Neutrophile, 347 
Neutrophilic granules, 347 
New-born, examination of, 65 

weight of organs of, 67 
Nigrosin for nervous system, 312 
Nissl's method for ganglion-cells, 313 
Nitric acid and phloroglucin, 253 

as decalcifying agent, 253 
Nonicwicz's method for glanders 

bacillus, 382 
Normoblasts, 346 
Nuclear stains, 290 
Nutrition, general, 26 



OcHROii) mycetoma, 222. 
Oil of aniline, 281 

of l)ergamot, 281 

of cedar wfx)d, 281 

of cloves, 281 

of lavender, 281 

of thyme. 281 
Oil-inimcr>i()n lens. 227 
(^leum origan i crctici, 281 
Omentum, removal of, 42 
Orcein, 278 
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Orth's discharging fluid, 279 
fluid, 247 

lithium carmine, 269 
Osmic acid, 240, 286 
for fat staining, 362 
Heller*s, for myelin-sheath, 326 
Ovarian cysts, 408 
Ovaries, irtcision of, 48 
weight of, 48 

Pacchionian granulations, 53 
Pal's modification of Weigert's mye- 
lin-sheath stain, 324 
Pancreas, incision of, 44 

measurements of, 44 

removal of, 43 

weight of, 44 
Pancreatic cysts, 409 
Pans for autopsy, 2 1 
Paraffin bath, 233 

imbedding, 258 

method for serial sections, 263 

microtome, 233 

sections, fixing of, to slide, 260 
Parasites, animal, examination of, 390 

in sputum, 413 

vegetable, of skin, staining of, 359 
Parhemoglobin, 374 
Parovarian cysts, 408 
Pathological products, 361 
Pelvic organs, removal of, 47 
Penis, incision of, 48 

removal of, 49 
Peptone solution, Dunham's, 83 
Pericardium, adhesions in, 32 

fluid in, 32 

oi)enin«; of, 32 
Petri dish, 109, Iio, 238 
steriliz.ition of, lio 

plate mcthiMl, 109 

plate-cultures under hydrogen, 128 
Petrifaction, 377 
Petrous l)one, examination of, 63 
Pfeiffer's method of inoculation of 
comma bacillus, 182 

phenpnifnon, 183 
Phenolphthalein in adjustment of 

reaction of media, 84 
Phloroglucin and nitric aci<l, 253 
I'hloroglucin-v.nniliin test for HCl, 415 
Phosph.iles in agar agar medium. 76 
PhosphomolyUlic-ncid hematoxylin. 
267 
for nervous 'System, 312 
RibU'rt's, for connective-tissue, 

305 
Pho<photunpstir-acid hematoxylin, 268 
for nervous system, 312 
Mallor)-'s, for neuroglia-fil)crs, 331 
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Pia, removal of, 56 
Piancse's solution, 249 

stains and methods, 275 
Picric acid, 274, 298 

as decalcifying agent, 253 
as fixative, 247 
Picro fuchsin, van Gieson's, 274, 298 
for connective tissue, 305 
for nervous system, 31 1 
Picro-nigrosin, 275 

and acid fuchsin, 277 
Pigments, 374 

autochthonous, 375 

extraneous, 375 

hematogenous, 374 
Piorkowski's culture-medium, 165 
Pipette, mixing, cleaning of, 337 
Pilfield's method of staining ttagella. 

Smith's modification, 104 
Pitre's method of sectioning, 59 
Plague, bacillus of, 194 

diagnosis, 197 
Plasma-cells, 303 
Plasmodium malarise, 390. See also 

Malarial organisms. 
Plate method of Petri, 109 
Plate-cultures, anaerobic, simple, 1 21 

of Petri, under hydrogen, 128 
Platinum loop, 96 

Platinum-wire to transfer sections, 238 
Pleural cavity, inspection of, 31 
Pneumococcus, 136 

in sputum, staining of, I40 
Poikilocytosis, 345 
Polychrome niethylene-blue, 271 

Unna's, for mucin, 367 
Polymorphonuclear leucocyte, 347 
Polynuclcar leucocyte. 347 
Post-mortem discoloralions, 26 

examinations, 17. See also Au- 
topsies. 

rigidity, 26 
Potash, caustic, as macerating fluid, 

241 
Potato-cultures, Bolton's, 82 
Precision microtome, Minot's, 231 
Private autopsies, 24 
Pr()l)es, 21 
Proteus group, 205 

mirabiiis, 205 

vulgaris. 204 

Zenkeri, 205 
Protoplasmic granules, stains for, 313 
Proto/oa, 390 
Pseudo-mucin, 367 
Pulmonary arterj', eml)olirm of, 35 
Puncture, fluids from, examination, 
404 

lumbar, 406 



I Purulent exudations, 405 

Pus, green, bacillus of, I91 
I Putrid exudations, 405 



Rabbits, care of, 118 
inoculation of, 1 14, 1 15 



I 

I 

I Rabies, 224 

' RabPs chromo-formic-acid solution, 

! 249 

i Rachiotome, Luer's, 20 

j Ranvier's formic -acid method, 286 

one-third alcohol, 241 
-Ray -fungus, 217 
Record, autopsy, 22 
Rectum, opening of, 48 
Red blood -globules in sputum, 412 
corpuscles, 345 

anemic degeneration of, 346 
estimation of, 340 
nucleated, 346 
Renal cysts, 409 
I Resorcin test for HCl, 416 

Re.stitution of body, 67 
I Reticulum, connective-tissue, 303 
I Mall's differential method for, 306 

Ribbert's phosphorolybdic acid hema- 
! toxylin, 305 

Rigidity, iwst-morlem, 26 
Roll-cultures, III 

Romanowsky's method for malarial 
I parasites, 395 

I Rose sjxHs, cultivation of bacillus 

typhosus from, 165 
' Round-worms, 398 
I Rublier gloves in autopsies, 23 
Running water, 236 

I Sakranin, 273, 296 

Schaffer's, to differentiate bone from 
cartilage, 355 
i staining karyomitotic figures with, 

! 301 

Sahli's borax methylene-blue, 272 

Salt solution, nonnal, for fresh tissues, 
I 240 

Saw, autopsv, 19. 20 
I band-, 18 
I Scales, autopsy, 18 

Scalp, incision of, 50 

Scalpels, 19 

Schaft'er's safranin to differentiate bone 
from cartilage, 355 

Schallibaum's solution, 280 

Schering's celloidin, 255 

Schmorl's methods of staining lacunae 
and canaliculie of bone, 356 

SchUtz's method for glanders bacillus, 

, Scissors, 19 
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Semilunar ganglia, 49 
Septicemia, sputum-, 138 
micrococcus of, 136 
Serial sections, celloidin method, 261 
Serous exudations, 405 
Serum agar-agar for gonococcus, 142 
artificial, 241 
reaction in typhoid, 163 
Sharpening of microtome knives, 235, 

236 
Shreds of tissue in sputum, 412 
Sieve-dish, Steinach's, 238 
Silver, 283 
Simple method of staining cover-glass 

preparations, 94 
Skeleton, development of, 26 
Skin, fixing and examining, 358 

general condition of, 26 
Skull, base of, 54 
fracture of, 52 
of infant, opening of, 52 
Slant culture, 75, 76 
Slee's method of fastening calvarium, 

68 
Slides, 236 

blood-counting, cleaning of, 337 
cleaning of, 237 | 

Smith's method of staining pneumo- 
coccus, 140 
of detecting colon bacillus in | 
water, 170 , 

modification of Piifield's method of 
staining flagclla, 104 i 

Soudan III., alcoholic solution of, 240 - 

for fat, 362 
Spatulas, 238, 239 I 

Special bacteriology, 128 . 

Spinal column, removal of, 50 ; 

cord, removal of, 60 1 

Spirillum of Asiatic cholera, 180 

detection of, 185 | 

diagnosis of, 184 

involution forms, 180 

Koch's method of inoculating, ' 

183 

PfeiflTer's method of inocula- 
tion, 182 I 
serum reaction with, 183 
Spleen, adhesions in, 41 

fixing and examining, 353 1 

incision of, 4 1 | 

nieasurcnjents of, 41 
removal of, 41 
weight of, 41 
Spore- format ion, hanging drop and, 1 13 
Spores, staining of, loi 
.sterili/ation of, 87 
vitality of. 87 
SjX)rozoa, 398 



Sputum, examination of, 410 
for influenza bacilli, 200 
for tubercle bacillus, 175 
macroscopic, 41 1 
microscopic, 412 
pneumococcus in, demonstration, 140 
Sputum-septicemia, 138 

micrococcus of, 136 
Stab culture, 75, 77 

deep, 121 
Staining, 287 
ameba coli, 396 

axis-cylinders and terminal proc- 
esses, 318 
bacteria not stained by Gram, 95, 380 

stained by Gram, 95, 383 
blood, 348 

cholesterin cr>'Stals, 363 
connective-tissue fibrillae and reticu- 
lum, 303 
cover-glass preparations, 92, 94 

from cultures, 100, loi 
dishes, 238 
elastic fibers, 306 
fat, 362 

for mitosis, 299 
ganglion-cells, 313 
Gram method, 384 

for cover-glass preparations, 94, 
loi 
Gram-Weigert method, 384 
in mass, 299 
karyomitotic figures with safranin, 

301 
mastzellen, 301 
muscle-fibers, 308 
myelin-sheath, 322 
nerve-fibers, 318 
nervous system degenerations, 332 

structures, 309 
neuroglia-fibers, 327 
of aciinomyces, 385 
of bacillus diphthcrise, 157 
of glanders, 382 
of influenza, 381 
of leprosy, 388 
of syphilis, 389 
rhino'icleroma, 384 
typhosus, 381 
of i)acteria in tissues, 378 
of flagella, 102 -106 
of Kricdiander's capsule-bacillus, 

383 

of gonococci, 147, 381 
of nialarial parasites, 394 
of nucleus, 290 
of pneumococcus, 1 40 
of smegma Itacillus, 390 
of si)ores, 10 1 
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Staining, Pianese's methods, 275 
plasma-cells, 303 
protoplasmic granules, 313 
sporozoa, 398 

tissue -elements not nuclei, 301 
tubercle bacillus method, 386 
vegetable parasites of skin, 359 
with alum-hematoxylin, 291 
with aniline dyes, 295 
with aqueous alum-hematoxylin, 292 
with carmine stains, 294, 298 
with Delatield's hematoxylin, 292 
with diffuse stains, 297 
with Ehrlich's acid hematoxylin, 

292 
with eosin, 297 

and methylene-blue, 296 
with Heidenhain's hematoxylin, 

293 
with Mallory's chlorid-of-iron hema- 
toxylin, 293 
with Mayer's bemalum, 292 
with neutral carmine, 298 
with picric acid, 298 
with safranin, 296 
with van Gieson's stain, 298 
Stains, 264 

acid alcohol, 279 

fuchsin and hematoxylin, 278 
and picro-nigrosin, 277 
alum carmine, 269 

cochineal, 269 
alum-hematoxylin, 291 

aqueous, 265 
aniline, 269 

water, 279 
Biondi-Heidenhain, 275 
Bismarck's brown, 273 
carbolic-acid water, 279 
carmine, 268 

and picro-nigrosin, 275 
Chenzinsky-Plein, 351 
combination, 275, 299 
Delafield's hematoxylin, 265 
differential, 289 
diffuse, 274, 297 
Ehrlich's acid hematoxylin, 266 

hematoxylin-eosin, for blood, 350 

triple, for blood, 349 
eosin, 274 

for fibrin, Weigert's, 364 
for mucin, 366 
fuchsin, 272 
gentian-violet, 272 
gold, 285 
hematein, 264 
hematoxylin, 264 

and light green, 278 
iodin, 278 



Stains, keratohyalin, for colloid and 
hyaline, 370 
I^wit's formic-acid, 285 
Lugol's, 278 

malachite-green, acid fuchsin, and 
Manin's yellow, 277 
and nigrosin, 276 
Mallory's aniline blue, 303 
Mayer's acid hemalum, 266 
glycerin-albumin, 279 
glycerin-alum-hematein, 266 
hemalum, 266 
muchematein, 267 
metallic, 283 
methylene-blue, 270 

and eosin in borax, 276 
methyl- violet, 273 
neutral carmine, 269 
nuclear, 290 
orcein, 278 

Orth's liihium carmine, 269 
osmic acid, 286 
phosphomolybdic-acid hematoxylin, 

267 
pbosphotungstic-acid hematoxylin, 

268 
Pianese's, 275 
picric acid, 274 
picro-nigrosin, 275 
Ranvier's formic-acid, 286 
safranin, 273 * 

silver, 283 

thionin, for mucin, 366 
Unna*s polychrome methylene-blue, 

for mucin, 367 
van Gieson's picro-fuchsin, 274 
Weigert's alcohol hematoxylin, 267 
myelin-sheath, 323 
Staphylococcus cereus albus, 132 
flavus, 132 
epidermidis albus, 132 
pyogenes albus, 132 
aureus, 129 
citreus, 132 
Steel hammer, 19, 21 
Steinach's sieve -dish, 238 
Stender dishes, 238 
Stepanow's celloidin imbedding, 257 
Sterilization of culture-media, 87 
by autoclave, 88 
of gelatin tubes. 78 
of Petri dishes, 1 10 
of sj)ores, 87 
Sternberg's modification of Esmarch's 

roll -cultures, III 
Stewart's cover-glass forceps, 92 
Stieda's method for permanent mounts 
with nuclear stain for iron 
hemosiderin, 376 
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H^ SlirJing's geniian- violet. 272 


Tubeicutosis, bacillus of, 170. See ^^^H 


^1 Stomach, inCLBion of, 43 


also Baaiius faiftrcuhsh. ^^^^| 


^^ Strcvrtococcus Ijicvjs., 134 


fiurgicml, J 78 ^^^^| 


^^^^ co!igluni€rams, 134 


Twine, hemp, 21 ^^^^| 


^^^K erysipelalus, 153 


Typhoid Fever, bacillu.^ of. 15S. Sec ^^^H 


^^^^f kvtigus, 134 


also Bacii/us tyfkif^us. ^^^^H 


^M pyogenes. 1 31 


blood -serum reaction in, 163 ^^^^| 


^K Str5be's aniliije blue for nerve *fibers, 


serum reaction in, 163 ^^^^R 


^1 3^9 

■ Stropping microiorae knife, 236 


UnnVs alkaline methylene-bluc, 271 ^^^| 


^H Suggesliiins io bt^gmners, 23 


keraLohyalin, 370 ^^^^H 


H SuLph uric acid aiuI iodin reaction with 


method lor cuUuid and hyaline, ^^^^| 


■ amyloid, 373 


^^H 


■ Swabs, 90 


of staining ma^^t^cUen, 302, loi ^^^^H 


^^ Syracuse solid wiUch-glasses^ 238 


orcein ^atain for coiuiecti%C'U^ue, 305 ^^^^H 




for elastic hbers, 308 ^^^^| 


y TwCswiA cchiiKJcoccus, 401 


polychrome methylene -blue, 271 ^^^^| 


Riediocntiell2t|& s. SAginnU, 40 1 


for mucin, 307 ^^^^| 


solium, 401 


stains for plasma-eel U, 303 ^^^^H 


Tape- worms, 400 


Urethritis, gonorrheal, cul lures from, ^^^^H 


Teased preparatiQiii of fresh tissue. 


^^H 


239 


Urine, examination of, 416 ^^^^H 


Testicles, ex ami nation of, 4S 


tnbcrcte bacillus tt^, 175, 17S ^^^H 


weight of, 4S 


Urine-serum agar-agar, J 44 ^^^^^ 


Test-tubes, filling of, Sj 


Uterine §cr;iping«, examination of, 404 ^^^^H 


jnocuklion of, 107 


Uterus^ Incision of, 4$ ^^^^| 


preparation of, 70 


^^^^H 


Tetanus, bacillus of, 20S 


Vacuo, cultures in, 128 ^^^H 


is,o|atiorj, 211 


Vagina, incision of, 48 ^^^^| 


toxin, 211 


Valves of heart, water^test for, 35 ^^^^| 


Thionin mctbod for mucin, Hoyer's^ 


van Gieson a mixture for colloid and ^^^^H 


366 


hyaline, 369 ^^^^| 


Thcmia-ZelM blood-counling apparatus, 


picro^fuchsin, 274, 29S ^^^^^ 


III 


for connective -ti&'^ue, 305 ^^^^| 


Thoracic duet, 49 


for nervous system, 311 ^^^^^^H 


organi, ferooval of, 37 


Vena cava, incision of, 49 ^^^^^^M 


Tborajt, open in jj of, 30 


Vertebral column, removal of, 50 ^^^^^^H 


Thyme, oil of, 281 


Virehow's method of *ectioning brain, ^^^^^^| 


ThyfOid gland, incision of, 40 


^H 


Tisiue-eletncnia other than nuclei, 


von Ebner's decalcifying solution, ^^^^1 


stains for, 301 


^^H 


Tissue* from clinical caaes, esiainitia^ 


von Ftei»chr£ bemometer, 335 ^^^^1 


lion of, 403 


Vy lean Lied fiber, 234 ^^^^B 


Titration, adjustmeat of reactioa of 


^^^^H 


culture- media by, 83 1 


Warm injection- masses, 243 ^^^| 


T, K. drop-bottle, 239' 


Washerman s culture medium for gon- ^^^^H 


Toisson's (luid, 340 


ococci, 144 ^^^^1 


Tonsils^ incision of, 40 


Watch-glasses, 23S ^^^H 


Tdpfer's dimctbyl amido* aio-beiuol 


Water, colon bacillus in, detection of, ^^^H 


test for HCl, 416 


^^H 


Toxalbumin of letaiui*, 111 


Water-tesI for heart-valves, 35 ^^^H 


Toxin of tetanias, 21 1 


Wedge-shaped incisioii for opening ^^^H 


Toain^jwodwciion, diphtheria, ISS 1 


Trachea, inciston of^ 40 


Weigert\ alcohol hemaloxjlin, 267 ^^^^H 


Tdchin*, 399 


method for tieutoglia-hbei^, 3J9 ^^^H 


Trichloracetic acid, 354 


for serial sections^ 263 ^^^^| 


TuWrde Ucdiu* mrlhod, 386 


mixture of anjlitie and xylol, 282 ^^^^| 


Tubercular lesions, isoUtion of bicillus 


of carbolic acid and aylol, 2S2 ^^^^H 


frtjm, 172 


myelin sheath stain, 323 ^^^^| 
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Weigen's quick tnordant for myelin- 
sheath, 323 
itoiti for elastic hbets, 307 
for tibrin, 364 
Welch's tnethtitl of stainiilg pneumo- 

Wheel microiome. Mi not, 234 
White blood -globules in sputum, 412 
corpmscles, 346 
estimatinii of^ 342 
Whitney's fixniion method fur biuod 

prcparationst 345 
Widal' 5 reaction, 163 



Williams' tneihod of staining flagellar 

104 
Wright's method fur iiPiicrobes, 1 JJ 
m rtuitl media. 124 
foT frozen seccioti^t 417 
Xylol aod analine, Weigcrt's, 2S2 
and carlxtlic acid^ Wcigeri's 2S2 
as cleariijg redgenl, 282 

ZENKf^R s fluid. 246 

Zi eh J - N celson ■ Gabliet tubercle- bacillu* 

method, 387 
Ziehl-NeeliiOD*s carbol-fuchsin, 272 



■n^ 



\XtkKXK - VoXlvOiJl i\ »\aJ^tMJUly ^ 



Add ,5 fftii. of sodiuin bicarbonate to 100 cc. of dlatllled 
water, dl»soTviD£ thoroughly, aod then add 1 %ui, oftnethyleDe- 
blue (G rubier '3) and heat for an hour In an Arnold steriliser 
after the i^team \n upt After beating, allow the %alution to €ooL 
Make a 1 to 1000 solution ol yellow aqueous oonin (Grubler'a) 
and add this, while ntlrrtng, to the (X»ol©d trieihyleue-bbie solu- 
tion In the proportion of 600 cc. of the eomn Bohitioo to "5 ce, of 
the blue solution. ThU ahould be done in a iar^e porcelain 
dish. After lettlnfr the mixture atand for a few minuter, Biter 
through one amall filter paper and save the residue. The 
residue should then be dried ia a hot-air oven and preserved. 

The staining aolution, ready for use, i8 made as fol- 
lows : 

Take *3 erm, of the reaidue, which is a greenish cryatalllne 

powder, ana add it to 100 oc. of pure methylic alcohol (Merck's 

■ reagent). This should theu be filtered, and to 80 cc, of the 

filtrate add 20 cc. of methylic aicohoL The solution ia now 

ready for use. 

To stain f add a few dropa of this solution to the preparation 
and let stand for two tntnutes, then add enongh diatilletl water 
to cause a sH^ht metallic^ aciim to form on tbe Hurface of the 
preparation ; then let stand for two to ten minuteaj and then 
wash the preparation in runnini^ diatlll^ water and mount in 
Canada balsam. 
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\ B. SAUNDERS & COMPANY 
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SAUNDERS- REMARKABLE SUCCESS 

TE are often asked to account for our extraordinary success, Wc can 
but point to modem busitie^ methods, carefully perfected business 
machinery, and unrivalled facilitiets for distributfoti of books. Every 
lej^artment is so organized that the greatest |>ossibie amount of work is pro- 
luced with the leaiit waste of energy. The representatives of the fTrm are men 
rith life-long experience in the sale of medicitl books. Then^ too, we must 
not overlook that major force in the modern business world — advertising. 
'^'e have a special department devotetl entirely lo the i>lannjng, writing, and 
placing of advertising matter ; and we might mention that the money 
inually sfient in advertising now far exceeds the entire annual receipts of 
hie Hoa^e during its earlier years. These extraordinar}' facilities for dis- 
cing of large editions enable us to demote a large amount of money to the 
er fee ting of every detail in the manufacture of l>ooks. 

That the degree of excellence obtained by the Saimders publications is a 
igh one is evidenced by the fact that in every one of the 190 Medical Co!- 
eges in the United States and Canada^ Saunders* text -books are used as reci* 
ition iHJoks or books of reference. In the list of recommended books pub- 
ished by 172 of these colleges (the other iS do not publish such lists) Saun- 
iers' books are mentioned 2644 times. These figures really mean that in each 
of the medical colleges in this country an average of 15^/^ of the teaching 
iks employed are publications issued by W. B, Saunders & Comjmny. 



A Complete C^taloiue of Our Piiblki 
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SAtWDEMS' Bt 



Penrose's 
Diseases of Women 

Fourth Revised Edition 



A Text- Book of Diseases of Women. By Charles B, Penrose, 
M, D., Ph, D,, formerly Professor of Gynecology in the University of 

Pennsylvania; Surgeon to the Gynecean Hospital. Philadelphia. Oc- 
tavo volume of 539 pages, with 221 fine original illustrations. Clothp] 

#3'7S net 

FOUR EDITIONS IN AS MANY YEARS 

Regularly every year a new edition of tiiis excellent text-book is called for, 
and it appears to be in as great favor with physicians as with students. Indeed, 
this book has taken its place as the ideal work for the general practitioner. The 
author presents the best leaching of modern gynecology » iintrammeled by anti- 
quated ideas and methods. In every case the most modern and progressive 
technique is adopted, and the main points are made clear by excellent illustra- 
tions. The new edition has been carefully revised, much new matter has been 
added, and a number of new original illustrations have been introduced. In its 
revised form this volume continues to be an admirable exposition of the present 
status of gynecologic practice. 



PERSONAL AND PRESS OPINIONS 



[ 



Haw&rd A- Kelly. M. D., 

Pr0fe^s&r of Gyrifcah^y imd O^iteirks, Jakns Hopkins Universiiy, Baltimore. 
** I shall value very highly the copy of Penrose's ' Disea^s of Women * received, 
already recommended it to my class as THE best book." 

£. £. Montgomery p M. D., 

Pro/esiot t>/ Gva^iroluj^y, Ji^^riati M^dkat C&He^e, Philadtipkia. 

*• The copy of " A Texi-Book of Diseases of Women ' by Penrose, received to-dny, I ha.ve 

looked over it ^nd admire it very much. I have no doubt it will hav« a large sale, as it justly 

meriis ' 

Bristol Medico-Chmxr^ic«J JoumU 

" Tins is dn EKcellent work \vhsch goes stmight to the mark. , . * The book may be taken ] 
as a trustworthy exposition of modern gynecology." 



GYNECOLOGY AND OBSTETRICS. 



American 
Text-Book of Gynecology 

Second Edition, Thoroughly Revised 



American Text-Book of Gynecology : Medical and Surgicau 

By lo of the leading Gynecologists of America. Edited by J* M, 
Baldy, M, D., Professor of Gynecology in the Philadelphia Polyclinic. 
Handsome imperial octavo volume of 718 pages, with 341 illustrationB 
in the text» and 58 colored and half-tone plates. Clothj ^doo net; 
Sheep or Half Morocco, S7.00 net* 

MEDICAL AND 5UKGICAL 

This volume is thoroughly practical in its teachings, and is intended to be a 
working text -book for physicians and students. Many of the most important 
subjects are considered from an entirely new standpoint, and are grouped together 
in a manner somewhat foreign to the accepted custom. In the revised edition 
of this book much new material has been added and some of the old eliminated 
or modified. More than forty of the old illustrations have been replaced by new 
ones. The portions devoted to plastic work have been so greatly improved as 
to be practically new. Hysterectomy, both abdominal and vaginal, has beeo 
rewritten, and all the descriptions of operative procedures have been carefully 
revised and fully illustrated. 



OPINIONS OF THE MEDICAL PRESS 



TbeLwKst, Umdofi 

" ContAins u large amount of infbrtn«tioii upon special points in the technique of gyne^ 
coLogical operations which is not to hi; found in the ordinary text-book of gynecology/' 

Bffjtiih Medky JoumsJ 

" Ihc nntyre of %hv lent may be judged fTtins its ftuthorshtp ; the dialinguiihed anthoritie* 
who hav« compiled ihii ptiblicati^n have done their work welL Thi* Mldltioti to medte«l 

Utv^mlur^ dcsrrvpi liivorablp comment/' 

Boiton M«dk«l and SufglcAl Journal 

** The most complete exponent of gynecology which wc hive. No subjiett seems |i> hive 
been neglei^tctl . , , and the gynecologist and iiirgeon, utid the gencriLl practitjouer who baft 
any desire *o pmcti*e diseAses of women, wilj find it of pmctieni value. In the maner of illuft- 
tmtlons and plates the book surp«u«5 uny thing we have seen/* 




SAUNDERSr BOOKS OX 



THE BEST 



American 



THE NEW 
STANDARD 



Illustrated Dictionary 



Second Edition, Revised 



The American Illustrated Medical Dictionary. A new and com ~ 

plete dictionarj^ of the terms used in Medicine, Surgerj-, Dentistry, 
Pharmacy, Chemistry, and kindred branches ; with over I DO new and 
elaborate tables and many handsome illustrations. By W. A. Newman 
DoRLAND, M. D., Editor of " The American Pocket Medical Diction- 
ary." Large octavo, nearly 800 pages, bound in full flexible leather. 
Price, S4.50 net; with thumb index, $5.00 net. 



Gives a Mudmum 



Amount of Matter in a Minimum Sp»ce. and ftt the Loweat 
Poinblo Coit 



TWO LARGE EDITIONS IN LESS THAN EIGHT MONTHS 

The immediate success of this work is due to the special features that distm- 
guish it from other books of its kind. It gives a maximum of matter in a miai- 
tnum space and at the lowest possible cost. Though it is practically unabridged. 
yet by the use of thin bible paper and flexible morocco binding it is only i ^ 
inches thick. The result is a tmly luxurious specimen of book -making. In this 
new edition the book has been thoroughly revised, and upward of one hundred 
important new terms that have appeared in recent medical literature have been 
added, thus bringing the book absolutely up to date. The book contains hun- 
dreds of terms not to be found in any other dictionary, over too original tables, 
and many handsome illustrations, including 24 colored plates. 



PERSONAL OPINIONS 



Howard A. Kelly, M. D.. 

Pro/es5t?r i-f/ Gynu^fhgVt JohJts Hapkins (/ttit'ersify, Ba/fim<^rf. 
" Dr. Dorland** dictionary is admirable, it is so well gotten up and of itieh convenient 
siic. No errors have been found m my ufe of it/' 

Rofwell Phrkt M. D., 

Pro/tssi^r if PriH^ipltj ami Pr.utkt &f Sttrgtry emd sf Clmitai Surgtry^ Umv^Hiy &f 

Bugah. 
'* I must acknowledge my astonishmerit at seeing how much he hu condensed within rela- 
tively small space. I find nothing to criticiiee^ very much to commend, and was Interested in 
finding iome of the new words which are not in other reccot dictionaries,*" 



GYNECOLOGY AND OBSTETRICS, 



Garrigues* 
Diseases of Women 

Third Edition, Thoroughly Revised 



A Text-Book of Diseases of Women. By Henrv J. Garrigues, 
A.M., M. D., Gynecologist to St Mark's Hospital and to the German 
Dispensary, New York City. Handsome octavo, 756 pages, with 367 
engravings and colored plates. Cloth, $4*50 net; Sheep or Half 
Morocco, 35.50 net 

INCLUDING EMBRYOLOGY AND ANATOMY OF THi: GENITALIA 

The first two editions of this work met with a most appreciative reception by 
the medical profession both in thi^ country and abroad. In this edition the entire 
work has been carefully and thoroughly revised, and considerable new rnauer 
added* bringing: the work precisely down to date. Many new illustrations have been 
introduced, thus greatly increasing the value of the book both as a text-book and 
book of reference. In fact, the illustrations form a complete atlas of the embry- 
ology and anatomy of the female j^'^f^^t^li^- besides portraying most accurately 
numerous pathologic conditions and the various steps in the gynecologic opera- 
tions detailed. The work is, throughout, practical, iheoreticaJ discussions being 
carefully avoided. 



PERSONAL AND PRESS OPINIONS 



Thai. A Reamer* M. D. 

'' One of iKe br*t li*tcl-books for students ftnd pmentJoii«n which hA$ hm% fHibllibed in the 
English hmifuage; il is mnd^nsed, clear, and cornpn^hcfisive I1ic profound teartiini* and 
K^reai clinical «Mp«Hence of the distinguished author Hud C3tpr»&tan in thl< book in a itiual 
attractive and m^triictive form," 



Bacbe £biii«I, M. D, 

'* I think thnt ihe profasston nt Inr^e owes you latitude for huvinf giytn to thr medioil 
world id valuable a treatise I shall certiinly put it forward! tcs my clAa$es aa cjoe of rtve hei» 
Ifiiide* Willi wlilch 1 rurt fnmilbr, not only wtdi which (o itttdy» but *or eonataoi conauhaiions 

Anittricw) Joutn^ of tlM M«4icftl SdencM 

" 1l rtrt€crs the jju-ge cjipcHpiue nt the author, both as m cUnldan and a tracher, and v^tm- 
pirfrhcnds much not ordinarily found in iemiOiO^>k4 nn gytiK«^lof y* The bmik i* one ol ihr 
Brail eompleie treatUcs on gyn^ology that we have« deaM]^ brCMltly with all phasn ot ihe 




Hirst's 
Text-Book of Obstetrics 

Third Edition. Tharoughly Revised and Enlarged 



A Text-Book of Obstetrics. By Barton Cooke Hirst, M.D.J 
Professor of Obstetrics in the University of Pennsylvania. Handsome j 
octavo. 873 pages, with 704 illustrations, 36 of them in colors. Cloth, 
IS.oo net; Sheep or Half Morocco, $6.00 net. 

MANY BEAUTIFUL ILLUSTRATIONS. 36 IN COLORS 

Immediately on its publication this work took ils place as the leading lext-book 
on the subject. Both in this country and in England it is recognized as the most 
satisfactorily written and cleariy illustrated work on obstetrics in the language. 
The illustrations form one of the features of the book. These are numerous and 
are works of art, most of them being originaL In this edition the hook has been 
thoroughly revised. New matter has been added to almost every chapter, notably 
those treating of Diagnosis of Pregnancy* the Pathology of Pregnancy, the 
l^thology of Labor, and Obstetric Operations. More than fifty new Ulustra* 
tions, including three colored plates, have been introduced* 



OPINIONS OF THE MEDICAL PRESS 
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Bfitiih Medical Jotzmal 

' I he popularity of American icxt-books in this country is one of (he features of recent 
years- The popularity Is probably chiefly due to the fireat superiority of their illustrations 
over those of the English tent-books. The ilhistrations in Dr. Hirst's volume are f&r more 
numerous and fir better executed^ and therefore more instructive^ than those commonly 
found in the works of write rii on ohMutrics in our own country." 

Bulletin of Johni ffopldoi tloipital 

"The work is an admirable one in every ien?^ of the word, concisely but comprehensively 
written/* 

The Medic&l Record. New York 

'^The illustrations are numcrotis and are works of art, matky of them appearing for the fitat 
time. The author's style^ though condensed^ is sin^larly clear, so that it is never necessary 
to re-read a sentence in order to grasp the meaning. As a true model of what a modem text- 
book on obstetrics should lie, we feel justified in affirming that Dr* Hirst's book b without a 

HvaL'* 




GYNECOLOGY ANIJ OBSTETRICS, 



The American 
Text-Book of Obstetrics 

Second Edition, Thoroughly Revised and Enlars^ed 



Th© American Text- Book of Obstetrics. In two volomes. Edited 
by Richard C Norris, M. D, ; Art Editor, Robert L. Dickinson, M.D. 
Two handsome imperial octavo volunnes of about 600 pages each; 
nearly 900 illustrations, including 49 colored and half-tone plates. Per 
volume; Cloth, $i.$Q net; Sheep or Half Morocco, $4.00 net, 

JUST ISSUED- IN TWO VOLUMES 

Since the appearance of the first edition of this work many important advances 
have been made in the science and art of obstetrics. The results of bactcriologic 
and of cbemicobiologic research as applied to the pathology of midwifery ; the wider 
range of the surgery of pregiiancy, labor, and of the puerperal period, embrace 
new problems in obstetrics. In this new edition, therefore, a thorough and critical 
revision was required, some of the chapters being entirely rewriuen. and others 
brought up to date by careful scrutiny. A number of new illustrations have been 
added, and some that appeared in the first edition have been replaced by others 
of greater excellence. By reason of these extensive additions the new edition 
has been presented in two volumes, in order to facilitate ease in handling. The 
pnce, however, remains unchanged. 



PERSONAL AND PRESS OPINIONS 



Alex* J. C. Skene« M. D,. 

Latf Pri]fesior t*/ Gymeceio^, L&mg hland Coihgt Hi^tpUat, Br^^kfyn* 
" Pcrmil oie to s;iy that *Th« American Teit-Book of OhstttHcs' i* the most magnificent 
Tnriltcnl work that t have ever seen, 1 congrftttilate yqu anU (hank you for tljis iuperb work, 
which aJone is lufTicient to place you fii^t in the rank* of medical publbhet^" 

Matthew D. M6nQ» M. D.« 

Prt^/enor of Ohtftrki Amd Cynffpia^ im Mr Umivertitv fif Bufah, 

'* I like it exceedingly »,nd have frcomint'ndrd the finl volume ai a leit-bobk for our 
sophomcire class, 1 1 is certainly a most eic«fl«at work, I know of \mxm better/* 

Amcficui loimi43 of tiie Medical ScfeacM 

" M 0.(1 aulhcijriiy. as a book of reference^ as a * wi^rklng bqok * fur ihe a.tu4enl or pracli^ 
tioncr. we commend ii because we believe there ii do better/' 
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Galbraith's 
Four Epochs of Woman's Life 

The Four Epochs of Woman's Life: A Study in Hygiene. By 
Anna NL Galbraith. M D., author of ** Hygiene and Physical Cul- 
ture for Women'' ; Fellow of the New York Academy of Medicine, etc, | 
With an Introductory Note by John H. Musser, M. D.. Professor of 
Clinical Medicine, University of Pennsylvania. i2mo volume of 200 
pages. Cloth, ii.2$ net. 

MAIDENHOOD, MARRIAGE, MATERNITY. MENOPAUSE 

In this instructive work arc stated, in a modesty pleasing ^ and conclusive manner^. 
those truths of which every woman should have a thorough knowledge* Written, 
as it is, for the laity, the subjett is discussed in language readily grasped even by 
those most unfamiliar with medical subjects. 

BbmiitsEhtuni Medk&l Review * En^and 

" We do no I a^ a rule carf for nit^tjical books written for tbe instruction of the public. But 
wc Trniat admit that the advice in Dr. Galbraith's work is in the main wbe and wholesome/' 

American Year-Book 

Saunders' American Year-Bciok of Medicine and Surgery* 

Yearly Digest of Scientific Progress and Authoritative Opinion in all 
Branches of Medicine and Surgery, drawn from journals, monographs, 
and text-books of the leading American and foreign authors and inves- 
tigators. Arranged, with critical editorial comments, by eminent Ameri- 
can specialists, under the editorial charge of George M. Gould, A, M., 
M. D* In two volumes : Vol, I. — Genera/ Afedmnc, octavo, 715 pages, 
illustrated; Voh U.^Gemra/ Sur£'en\ octavo, 684 pages, illustrated. 
Per vol.: Cloth, $3.00 net; Half Morocco, $375 net. Sold by Sub- 
scripiiofL 

EQUIVALENT TO A POST-GRADUATE COURSE 

The contents of these volumes is much more than a compilation of data. The 1 
extracts are carefully edited and commented upon by eminent specialists, the ' 
reader thus obtaining also the invaluable annotations and criticisms of the editors, 
all leaders in their several specialties. The Year-Book is amply illustrated, 

Tlie Lancetr London 

" It i?i much more rban a mere compilation of abstracts, for. ^% each section is entrusted to 
experienced and able contribniors, !he reader has the advantage of certain critira! cammen' 
fanes and expositions . , . proceeding from writers fully qualified to perform tliesc laska,** 



C VNECOLOG V A ND OBSTE TRIGS, 1 1 

Schaffer and Norris' 
Gynecology 

Atlas and Epitome of Gynecology, By Dr, O. Schaffer, of 
Heidelberg* From the Second Rei^ised and Enlarged German Edttion. 
Edited, ymth. additions, by Richard C. Norris, A M., M. D., Gynecolo- 
gist to Methodist Episcopal and Philadelphia Hospitals. With 207 
colored figures on 90 plates, 65 text-cuts» and 308 pages of text. 
Cloth, £3^50 net. In Saunders* Hand* Atlas Series. 

The value of this atlas to the medical student and to the general practitivjner 
will be found not only in the concise explanatory text, but especially in the illus- 
trations. The large number of colored plates, reproducing the appearance of 
fresh specimens, give an accurate mental picture and a knowledge of the changes 
induced by disease of the pelvic organs that cannot be obtained from mere 
description, 

Aitiefic«n Jovrnid of the Mfidicft] Scieac«i 

" Of the iiliistmtlons it is difSicuU to speak in too high terms of approval , They are so 
clear and trtie to nature that the accompauyinu ejtptami lions ikrc almost superfluous. We 
contEhend it most earnestly/* 

Hirst's Gynecology 

A Text'Book of Gynecology. By Bartok Cooke Hirst, M.D,, 
Professor of Obstetrics in the University of Pennsylvania. Handsome 
octavo volume of about 800 pages, magnificently illustrated In 
Preparathn. 

This new work of Dr. Hirst's will be on the same lines as his Text-Book of 
Obstetrics, llie wealth of illustrations will be entirely original from photographs 
and water -colors made especially for this work. 

Webster's Obstetrics 

A Text-Book of Obstetrics. By J, Clarence Webster, M, D., 
F, R. C. R E., Professor of Obstetrics and Gynecolog>% Rush Medical 
College, in afHItation with the University of Chicago, etc. Handsome 
octavo volume of 900 pages, finely illustrated. In I^^fiarathn. 

This is an entirely new work by an eminent teacher of wide eitperienee. 
The book will be thoroughly practical and the text magniftcefiily illustrated. 





12 SAIWDE^S' BOO/CS ON 

American Pocket Dictionary TWni RevUad Edison 

The American Pocket Medical Dictionary. Edited by W, 

A. Newman Dorland, A, M., M. D., Assistant Obstetrician to the 
Hospital of the University of Pennsylvania; Fellow of the American 
Academy of Medicine. Over 500 pages. Full leather, limp, with 
gold edges, Skoo net ; with patent thumb index^ jfiL2S net 

H Pr^ftui^r iff MfdKui Cktmisity att^ TQXicpiQgy^ tmd I>€&m, Jfffrspit Medical C^ikge^ 

f Phiiaddpkiii. 

** I am St ruck ar once with admimtion at the compact nxe and attniclive exterioir 
c^n recommcritl ii to our students without reserve, " 

Lon^s Syllabus of Gynecolo^ 

A SvLLAiius OF Gynecology, arranged in conformity with 
"American Text-Book of Gynecology." By J. W. Long, M. D., 
Emeritus Professor of Diseases of Women and Children, Medical 
College of Virginia, etc. Cloth, interleaved, $1,00 net 

Braoklyn Medical Journal 

" The book ib ccrtninly an admirable riiuml oi what every gynecologiaiJ Student and 
pmctitiaii^T 4,houhl know, and will prove of value/' 

Cra^n's GyneCOlO^, Fifth Revised EdiSon 

Essentials of Gynecology. By Edwik B. Cragin, M,D.^ 

Professor of Obstetrics, College of Physicians and Surgeons, New 
York. Crown octavo, 200 pages, 62 illustrations. Cloth, Slog 
net. /;/ Saunders' Questhn-Compi'nd Scries, 

Th« Medical Record, New York 

" A hniitty volume anfl a diiJiinct improvement on students' compends in g«ncraL 
No author who wafl not himself a pracliciil gynecologist could have consulted the 
student s needs so thoroughly as Dr. Cragm has done." 

Boisliniere's Obstetric Accidents, Emergencies, and 
Operations 

Obsiktkic Accidents, Emergencies, and Operations. By 
the late L. Ch. Bolsliniere, M. D., Emeritus Professor of Ob- 
stetrics, St. Louis Medical College; Consulting Physician, St. Louis 
Female Hospital. 381 pages, illustrated. Cloth, $2.00 net 

Britiih MedicAl Journal 

" It is ck*arly and concisely written^ and is cvidenliy the work of a leachGt and practi- 
tioner of large experience. Its merit ties in the judgment which cort^es from cxpencnee/* 

AshtOn*S Obstetrics. nUli edition, RevUed and Enlarged 

Essentials of Obstetrics. By W. Easterly Ash ton, M,D,, 
Professor of Gynecology in the Medico-Chirurgical College, Phila- 
delphia. Crown octavo, 252 pages, 75 illustrations. Cloth, $i,oo 
net. /// Sitanders' Question- Cam fiend Series. 

Stnftiiemi Pinctitioner 

■* An excel lent litik volume containintr correet nnd pmclical knowledge. An adm^ 
able compciid, and the best condensaiion we have seen." 
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